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PREFACE 


FORTY-EIGHT AUTHORS have devoted themselves to a common 
cause in this volume: the publication of a systematic arrangement of 
complete, accurate, and most up-to-date information on Diseases of 
Swine. Every effort has been made to present the facts and theory in 
a logical manner for direct application in veterinary practice, veteri- 
nary schools, and in research. Emphasis has been placed on accuracy 
and thoroughness. 

Both the practitioner and^the student should find the cross-refer- 
encing and arrangement of chapters easy to use. Uniformity of chapter 
arrangement has been stressed within the limits of comparative subject 
matter, while at the same time preserving authors’ individual styling 
A definite attempt has been made to keep duplication at a minimum 
without disrupting subject continuity and clarity within a given 
chapter. 

Detailed information has been included for those who wish to ex 
plore more deeply into the etiology, pathogenesis, diagnosis, treatment, 
and prevention of diseases of swine. The extensive reference lists offer 
the interested readers a key to still further study. 

A broad, objective approach to the many diseases discussed has been 
achieved through the willing cooperation of eight prominent scientists 
and educators serving as an Advisory Board These men agreed to 
draiv upon their wide experience and knoivledge to review specific 
areas in which they ivere particularly well informed. This had the 
effect of arbitrating controversial issues and insuring balance for the 
information presented. 

It is believed that all who are interested in swine diseases will find 
this text to be a most complete and authoritative reference on the dis- 
eases of importance to the swine raisers of North America. 

H. \V. Dunne 


Oniversil) Park, PennsjU-ania 
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CHAPTER I 


L. E ST CLAIR, DVM, PhD 
Vniverstty of Illinois 


Anatomy 


The pig, Sui scroja, belongs to the super 
order UNGULATA with the other hoofed 
mammals The four digits place it in the 
order of even toed hoofed animals Artio 
OACTYLA 

SKELETON 

Teeth 

The pig possesses the standard number 
of teeth In the permanent dentition there 
are S incisors, 1 canine, 4 premolars, and 
8 molars on each side of the jaw above 
and below The total is 44 In the tempo 
rary dentition there are 3 inasors, 1 canine, 
and 3 molars on each side abo^e and be 
low, making a total of 28 Each permanent 
incisor and canine tooth replaces the cor 
responding deciduous tooth The decidu 
ous molars are replaced by the posterior 
8 premolars No teeth precede the per 
manent molars 

The upper and lower incisor areas arc 
shaped so tliat the medial teeth he in a 
plane decidedly anterior to the lateral 
teetli The upper central incisor is oval 
in cross section and angles sharpi) down 
Ward and medially The intermediate in 
cisor bends mediallj and lies slightlj pos 
tenor to the central incisor A space sepa 
Tates the intermediate incisor from the 
small corner incisor 

The lower mcisors are close together 
(especially 1 and 2) They arc elongate 
and project antcriorh The mtermctfiate 


tooth IS slightly larger than the central 
and much larger than the corner incisor 
There is an interval between the canine 
tooth and the corner mcisor especially in 
the upper jaw The canine tooth (tusk) is 
large, especially in the boar, and projects 
outside the mouth The upper canine is 
posterior to ihc lower They wear against 
each otlier, maintaining a sharp edge Tlie 
upper tooth is oval m cross section, the 
lower is triangular The pulp cavity re 
mains throughout the hie of the tooth 
allowing It to continue to lengthen 
The clieek teeth increase in size from 
front to back Tliey are bunodont in type 
since their multiple cusps are moundlike 
The crowns are short, forming a neck near 
die roots. TJie table surfaces of the moJirs 
consist of complex crushing mounds while 
those of the premolars arc simple anting 
nrcis The first premolar in eacli jaw is 
small and simple The one in the mandible 
lies just caudal to the canine tooth, 
vshereas the upper one is separated from 
the canine tooth by a space This space in 
the lower jau is between the first and sec 
ond prcmolars In the upper jaw the first 
and second prcmolars possess 2 roots, the 
iliird 3, and the fourth 5 The molars have 
6 roots In tlic lower jaw the first prcmolar 
has 1 root, the second and third 2, and 
the fourth 3 lour roots arc possessed l» 
the fint and second molars and 5 b\ the 
third 
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The upper deciduous molars possess 2, 
3, and 4 roots, respectively The lower 
deciduous molars ha\e 2 roots, except the 
last one which has 5 The deciduous teeth 
tend to resemble the permanent teeth that 
replace them The last lower one, however. 


is different in that it possesses 3 pairs of 
cusp units 

The lateral incisors and the canines are 
present at birth The deciduous molars and 
central incisors erupt during the first 
month The intermediate deciduous in 


Fommen Squamous part 

magnum of occipital hone 



FIG 1 1— Skull of pig; ventral view, without mandible and hyoid (From Sisson and 
Grossman, 1953 Courtesy W B Saunders Co) 
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8 Honronlol port of po\aUr>» bon* 
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15 Point n* f ssur* 
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cisors appear after 2 months The first pre 
molars and first permanent molars appear 
at 5 months The permanent corner in 
cisors and the canines erupt at about 9 
months The permanent central incisors 
and second molars erupt at about 12 
months By 15 months the last 3 premolars 
have appeared The last molars have 
erupted by 18 months 
The placement of enamel, dentine, and 
cementum is like that of an ordinary simple 
tooth, except on the permanent canine 
where enamel is on the convex surface and 
cementum is on the concave surface 
The occlusal surfaces of the cheek teeth 
form a straight line when viewed from the 
side The upper premolars are slightly 
lateral to the lower ones in position The 
distance bettveen the cheek teeth of the 
right and left sides is less posteriorly than 
anteriorly The upper and lower corner 
incisors usually do not contact each other 

Axial Bones 

The vertebral formula is C 7, T 14-15, 
L6-7, S4, Cy 20-23 The cervical region 
IS short The dorsal spines of the cervical 
vertebrae are tall, as are those of the 
thoracic area The arch in the cervical and 
thoracic regions is perforated by a foramen 
which IS in addition to the invertebral 
notches The lumbar transverse processes 
do not articulate with each other or with 
the sacrum The vertebrae composing the 
sacrum do not fuse to the extent that their 
identity is lost Their dorsal spines are al 
most absent The lumbosacral space is 
medium in size The first coccygeal vcrte 
bra often fuses with the sacrum 

The ribs are strongly curved, making a 
long barrel shaped thorax Seven are sternal 
and 7 or 8 asternal The fifteenth rib, when 
present, is often floating in type 

The sternum is flat, espeaall) posie 
riorly, and consists of 6 sternebrae The 
first segment projects forward and is flat 
tened laterally 

Skull 

The skull is massne The long and nar 
row nasal and frontal areas whicli arc 


straight in young animals become dished 
later This is especially true in the more 
brachycephalic breeds The nuchal crest is 
\ery prominent and the temporal fossa is 
entirely lateral The external acoustic proc 
ess IS dorsal in position in respect to the 
posterolateral areas and projects dorso 
laterally The supraorbital process does not 
contact the heavy zygomatic arch The 
round and orbital foramina are combined 
as the foramen orbitorotundum The max 


illary foramen is large There is usually a 
prominence over the lateral side of the 
alveolus of the upper canine tootli A short 
three sided prism, the os rostri lies in the 
nasal septum between the anterior portions 
of the nasal and premaxillary bones The 
paramastoid processes are extremely long 
and the bulla tympanica is prominent The 
jugular and oval foramina are in the form 
of a long silt, the foramen lacerum, medial 
to the bulla The elongate but small pos 
tenor nares are divided vertically by the 
vomer Each palatine bone forms a tuber 
osity which projects ventrally posterior to 
the last molar The palate is long and 
narrow even m the shorter skulls It is 
widest in the area between the canine 
teeth There is a distinct fossa posterior 
to the central incisors, associated witli the 
incisive foramina The cranial cavity is 
relatively small and separated from tJie 
frontal surface by a spacious frontal sinus 
The pituitary fossa is deep Tlie dorsal 
turbinate is long, narrow, and unscrolled 
and projects downward from the nasal 
bone to lie slightly medial to the large 
double scrolled ventral turbinate The 
frontal sinus increases in size as the ant 
mal matures It extends from slightlj be 
hind the level of tlie infraorbital foramina 
to the posterior limit of the skull The 
nuchal area is usuall) solid but ma> be 
undermined next to the cranial cavity b> 
the smus The right and left sinuses are 
separated, cadi being furilier dmded b> 
numerous incomplete septa Antcnorl) 
there IS communication wiUi tlic ethmoidal 
meatuses The small maxillarj sinus oc 
cupies the area medial to the anterior at 
tadimcni of the zvgomatic arch, above the 
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infraorbital canal The roots of the molars 
do not project into it It communicates 
i\ith the middle meatus of the nasal caMty 
The body and ^\lngs of the sphenoid bone 
are excavated to form the relatively large 
sphenoidal sinus It communicates ante 
riorly with the ventral ethmoidal meatus 


The right and left sinuses tend to be sep- 
arated in the midhne The perpendicular 
part of the palatine bone may also form 
a part of the sinus 
The mandible is strong and niassi\e 
The body is pointed anteriorly, conca\e 
domll), and comex \entrall) The right 
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and left portions are fused The horizontal 
rami are thick and contain several mentil 
foramina The mandibular canal is 
The condyle is convex in all directions and 
ts situated posterior to a short coronoid 
process 

The h)oid bone consists of a fiat body 
basihyoid ivhich continues directly back 
"ard as the wide airved ihyrohyoids The 
epihyoids and stylohyoids are slender The 
tympanohyotds are thin and cartilaginous 
The keratohyoids are aery short 


mbs 

The bones of the limbs are rclativcU 
lassiac The scapula is aery aside at us 
jrtcbral border Its prominent spmc pos 
tsscs a large tuberosity but only a nidi 
lentary acromion The lateral tuberosity 
E die luimcriis is acn Iirgc md projects 
[iterior to the single bicipital groove The 
irec ulna is not fused vMth the radius and 
jntinues to the carpus There arc 8 carpal 
ones 1 in each row Four metacarpal 
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bones are present Each of the four digi^ 
consists o£ 3 phalanges The abaxial digits 
are shorter and smaller than the axial 
ones A pair of proximal sesamoid bones 
rests on the \oIar surface of the distal por 
tion of each metacarpal bone A distal 
sesamoid bone is present in each axial 
digit 

The iha are parallel to each other and 
tip fonvard, produang a ler) sloping 
pelvic inlet The superior ischiatic spines 



A Bo'ir 

B Harijoniat end v#rt cot port* of fomv* 
C CondyU 

0 Coronoid procaii 
IflOJOrtMth 

4 Con n« loofh 

5 67 prtmotar (trtl ob«*»»0 
g9l0 Metotiw* 


are prominent and increase the concaMtj 
of the pehic floor The symph)sis is rather 
thick and not firmly fused TTie floor of 
the pehis slopes more posteriorly, the 
symphysis is thinner, and the ischial tubera 
are more eserted m the female The rim 
of the acetabulum is thick and notched 
posteriorly The trochanter major of the 
femur is single The supracondyloid fossa 
and the third trochanter are absent The 
patella is thick anteroposteriorly The 
tibia IS ty'pical The fibula is large and ev 
tends to the tarsus, uhich consists of 7 
bones The articular surfaces are placed so 
that moieraent occurs not onU beii\een 
the tibial tarsal bone and tlie tibia but also 
beiiveen the tibial tarsal bone and those 
adjacent to it The metatarsals and phal 
anges are hke those of the foreJimb except 
that they tend to be slightly longer There 
IS an extra sesamoid bone behind the prox 
imal poruon of the medial axial metatarsal 
bone 

The epiphyseal lines do not completely 
disappear from the \ertebral bodies and 
the long bones for seseral years 

RESPIRATORY SYSTEM 
Nasal Cavity 

The snout, or rostrum is a cylindrical 
projection viUi i prominent margin It is 
practically hairless and is smooth and fuses 
uiih the upper lip The nostrils are small 
The anterior extremity of the nasal septum 
IS ossified ns the os rostri Cartilages tend 
to form the frameivork of the nostrils and 
to fill in the nasomaxillary notcli 

The nasal easily is long and narroiN ex 
cept in short nosed breeds The long 
round posterior narcs are separated from 
the upper posterior part of the canty by a 
transserse lamina and from cacli other by 
the somcr The dorsal tubinate is thin 
anteriorly but gradually increases in diam 
cter posteriorly It projects scntrally and 
medially from the dorsolateral svall of 
the nasal canty so that its scntral edge 
lies medial to the dorsal part of the setitral 
turbinate The scntral turbinate is much 
larger than the dorsal turbinate and l)egini 
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anteriorly from a fold which projects from 
the lateral s\all of tlie caMt) just behind 
the nostril Tlie passageway from the nos 
tril is thus somewhat obstructed except 
dorsally The scrolls of the ethmoid area 
do not project fonsard os a middle turbi 
nate The dorsal and middle meatuses are 
\er) narrow The aentral meatus is sonic 
what larger especially posteriori) where the 
scntral turbinate becomes wrinkled longi 
tudinall) A small opening in the poster 
olatcral part of the middle meatus com 
municates with the maxillar) sinus dorsal 
to which are scseral small openings to the 
frontal sinus, sia the ethmoidal meatuses 
In the posterolateral part of the \entral 
meatus is the opening of the nasolacrimal 
duct 

The anterior or scstibular region is 
lined with a stratified squamous cpithc 
hum This changes gradual!) into a strat 
ificd columnar and then a cihaicd pseudo 
stratified columnar epithelium with gob 
let cells in the mam or respiratory area 
The olfactory mucosa is brown and thick 
and contains special cells 

larynx 

The larynx is rclaiisels large ami docs 
not ariiculaic SMth the hyoid bone The 
epiglottis IS scry large, broad anteriorly 
and loosely attadicd to the rest of the 
larynx Tlie arytenoid cartilages arc cx 
tensue dorsosciurall) I he rima glotudis 
IS narrow A Jong sertical shi associated 
with the aocal fold oj>ens into the large 
sacailc 


Pleura 

The long rounded thorax is lined b% 
pleura of medium thickness The pleural 
sacs do not project fonsard beyond the first 
nb on the right and the first intercostal 
space on the left The diaphragmatic re 
flection follows the costal attachment of the 
diaphragm Since the mediastinal pleura 
and the casal fold arc not perforated the 
two pleural casitics arc entirely separate 

lungs 

The lungs arc divided into lobes and 
lobules Tlie latter however arc not as 
distinct as those of the ox The apical lobe 
of the right hing is often double and is 
provided with a special divided bronchus 
I he riglii lung also possesses an intcrmcdi 
ate lobe The left lung has the siimhrd 
apical cardiac and dnphngmatic lohM 
I hc cardiac noidi v^lucJi is in the shape 
of an inverted V, is between the ranine 
am! apical lobes The left notch exteruh 
farther dorsallv and is slightly longer The 
right one extends from the second inter 
costal space to the fifth nb and the left 
one from the second nb to the fifth nb 
or imcrcosia! space 

Diophragm 
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lapping The larger bronchi have irregular 
plates of cartilage in their walls the 
smaller ones have none 

DIGESTIVE SYSTEM 
Oral Cavity 

The hard palate is long and narrow 
especially in long nosed breeds It is 


slightly narrower posteriorly than anteri 
orly The many transverse ridges are not 
continuous in the midline and may alter 
nate m position anteriorly The incisive 
papilla with the two incisive openings is 
located in the median plane Lymphoid or 
tonsilhr tissue is found on the soft palate 
the literal walls of the isthmus faucium 
and the root of the tongue 


Tracftca (Esophagus 
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FIG 1 6-Tongue of pig (From Ellenberger and 
Baum 1 943 ) 

1 Ap«x 
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3 Root 
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< VolloJe pop [la (not really so d st net oi n fgore) 

4 Fol ale pap [la 

6 Fung fo m pop lloe 
^ Pp glott s (pulled bock) 

9 Med an glossoep glott c fold 

The long narrow tongue possesses nriny 
long pointed papillae on its dorsal surface 
at the root Fungiform papillae are nu 
merous over the entire surface A small 
group of foliate papillae is found postero 
laterally Two or three vallate papillae are 
located on the posterior part of the doi^ 
surface The frenum linguae is double The 
niedian septum contains a cord of fat 
The teeth are discussed with the skull 

Solivary Glands 

The large salivary glands are serous 
mucous or mixed in type and ha\e a com 


pound tubuloalvcolar organization The 
small brmdied tubuloalvcolar glands of 
tlie oral submucosa occur singly or in dense 
groups The buccal group is composed of 
mucous and serous units Serous glands are 
found beneath the smooth surface of the 
upper Up below the nostrils 

The parotid gland is very extensive 
forming a triangle with its base downward 
\entral to the ear posterior to the masseter 
muscle The duct courses ventral to the 
masseter and empties into the oral cavity 
lateral to the first upper molar The gland 
IS serous m type 

The mandibular (submaxillary) gland 
IS smaller and darker than the parotid 
gland and round m outline its thickness 
being almost as great as its diameter It 
lies under cover of the lower part of the 
parotid gland A portion extends forward 
for a short distance along the duct which 
m turn courses along the medial surface 
of tlie mandible deep to the mylohyoideus 
muscle to empty into the oral cavity near 
the frenum linguae The gland is mixed 
in type 

TJie sublingual gland consists of two 
parts which are distributed along the 
mandibular duct The posterior part is 
long (5 cm ) and flat and lies just anterior 
to the mandibular gland Its duct or ducts 
accompany and open with the mandibular 
duct The anterior portion is larger hav 
ing 8 to 10 ducts which open directly into 
the oral cavity It is mixed in type 


Pharynx 

Dorsal to the beginning of the esophagus 
15 a diverticulum which extends posteriorly 
for about 3 cm The nasopharynx which 
,s above the soft palate bears a ciliated 
pseudostrattfied epithelium with goblet 
cells The oropharynx or isthmus faucium 
svhich IS ventral to the soft palate is lined 
with a stratified squamous epithelium The 
mucosal glands are mucous m type in the 
oropharynx and mixed in the nasopharynx 

Esophagus 

The esophagus is especiall) dilatable at 
Its ends It tends to be on the left of the 
Iraclica at the thoracic inlet The muscle 
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FIG 1 7— Dissection of mouth end pharyngeal reg on of pig (From Ellenberger and 
Baum« 1?43) 
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layers arc striated except near tlie cardia 
Mucous glands are present in the sub 
mucosa, especially in the cervical portion 
Lymph nodules are also numerous The 
epithelium is stratified squamous 

Stomach 

The stomach lies transversely with the 
greater curvature directed ventrally The 
stomach of a large animal may hold as 
much as 8 liten The left portion beyond 
the cardia, possesses a posteriorly pointing 
diverticulum (diverticulum ventricuh) A 
constriction, which is especially evident in 
ternally, separates it from die mam portion 
of the stomach The esophagus joins the 
stomach obliquely at the left end of tlie 
lesser curvature The mucosa of the 
stomach near the cardn is of the esoph 
ageal type The whole left area and die 
diverticulum are pale gray and constitute 


die cardiac gland region The mucosa of 
die fundic gland area which is thick and 
reddish brown in appearance, does not 
quite reach the lesser curvature The py 
lone extremity contains the pyloric glands 
It IS pale and interrupted by low folds 
The gland types blend with each other As 
the pylorus constricts to become contin 
uou$ with the duodenum, it possesses on 
Its lesser curvature a fatty, fibrous, knob 
like prominence (torus pyloricus) , which 
protrudes into the lumen and diminishes 
the size of the orifice 

Intestinal Tract 

The small intestine is about 18 M in 
length The duodenum passes posteriorly 
on the right side, swinging medially and 
dorsally to pass posterior to the mesenteric 
vessels Here it is close to the dorsum As 
it turns forward to become the jejunum it 
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is in contact with the \entromedial sur* 
face of the terminal colon. The mesenter) 
of the duodenum is short. The duodenum 
is represented by approximately the first 
60 cm of the small intestine. The sub- 
mucosal glands extend along tJie first part 
of the small intestine for S-4 M. The bile 
duct opens into the duodenum 3—5 cm. 
from the p)lorus The orifice of the pan- 
creatic duct is 10 cm. beyond that of the 
bile duct. The jejunum and ileum are 
suspended from the sublumbar area by a 
short (20 cm.) mesentery. They lie against 
the right posterior abdominal wall and 
abo\e the coils of the large intestine. The 
ileum follotvs the dorsal surface of the 
cecum to which it is connected by the 
ileocecal fold of peritoneum. It opens into 
the ceaim acutely, forming a distinct valve 
where the cecum is directly continuous 
with the colon. This occurs behind and 
to the left of the root of the mesentery 
Aggregated and solitary lymph nodules are 
numerous in the mucosa and submucosa, 
except in the anterior part of the duo- 
denum. 

The large intestine is 4-5 M. in length. 
The cecum is 20-30 cm. long and 7-10 cm. 
in diameter. Its blunt apex lies in the mid- 


iJueTltculum 



line and points toward tlie right. The apex 
is wsuallj the most posterior part of the 
mass of large intestines. It courses forward 
and upward on the left, where it continues 
directly as colon. The colon forms coils 
about the colic branches of the mesenteric 
vessels. These coils occupy the left and 
anterior areas of the abdominal cavity, 
extending as far forward as the stomach. 
Beginning at the cecocolic junction, which 
is on the left, tlie colon continues fonvard 
and then to the right, making about three 
clockwise turns, each being ventral to the 
one which precedes it. ^Vhen the floor of 
the cavity is reached, the direction is re- 
versed and the colon ascends in a counter 
clockwise direction, alternating with the 
previous turns, passing them on their con- 
cave surfaces. The last and most dorsal 
turn passes from right to left anterior to 
the anterior mesenteric artery as the trans- 
verse colon, continuing on the left dorsal 
wall as the terminal colon and terminating 
as the rectum The peritoneum is absent 
between the adjacent coils of the colon. 
The diameter of the gut is less in the re- 
turning portions of the coils. There are 
two longitudinal bands of muscle with 
intervening sacculations in the first parts 
of the colon. The cecum has three hands 
and three series of sacculations. Solitary 
lymph nodules are numerous throughout 
the large intestine. Embedded in the 
lymphoid tissue in the submucosa of the 
colon are numerous branched, tubular 
mucous glands. 

Liver 

The Iner is relatively large (1.5-2 kg.). 
It is convex anteriorly and concave poste- 
riorly, having tliin edges but a thick cen- 
tral portion. It lies between the diaphragm 
and the stomach. The incisures between 
the lobes are not deep The lobes are desig- 
nated as caudate, right lateral, right cen- 
tral, left central, and left lateral. The left 
lateral lobe is usually the largest. The 
right lateral and caudate lobes extend 
farthest posteriori). They are not indented 
for the right kidney, howeser, except in 
the very' young animal. The posterior vena 
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cava runs within the left edge of the right 
lobes. To the left of this is an esophageal 
notch. The gall bladder is somewhat im- 
bedded in the visceral portion of the right 
central lobe. The cystic duct joins the 
hepatic duct at an acute angle at the portal 
fissure. The bile duct enters the duodenum 
5-5 cm. from the pylorus. The portion of 
that lobe which is medial to the gall 
bladder is sometimes named the quadrate 
lobe. The papillary process is not prom- 
inent. The peritoneal ligaments are repre- 
sented only by a coronary and a small 


falciform ligament. The round ligament 
thus travels independently to the umbilical 
area. The lobules are distinct. 

Pancreas 

The pancreas lies in the mesoduodcnum 
and the greater omentum, and is thus situ- 
ated transversely across the dorsal wall of 
the abdominal cavity behind the stomach 
and in front of the root of the mesentery. 
The right portion, which lies nc-xt to the 
duodenum, is larger than the left portion, 
which is related to the spleen, gastric di- 
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FIG 1 11— Sehema of intestinal tract of pig (From Getty, 1955 Courtesy Burgess Pub 
lishing Co and R Getty ) 


verttculum and left kidney The lobules 
are distinct The duct leaves the right 
portion to enter the duodenum about 15 
cm [rom the pylorus The islets are not 
easily discernible microscopically 

Spleen 

The spleen is long (50 cm ) , narroiv, and 
fiat with tapered ends The size vanes 
greatly, however It lies vertically in the 
greater omentum on the left part of the 
greater curvature of the stomach The 
splenic vessels course down its medial sur 
face 

Peritoneum 

The peritoneum is medium in thickness 
as compared with that of other animals It 
extends into the pelvic cavity in the form 
ot pouches which end before they readi the 
pQSienor wall The rectogenital pouch is 
the largest The vesicogenital and vesico- 
pubic pouches do not extend as far poste 


norly The lateral and ventral ligaments of 
the urinary bladder extend to the umbil 
icus in the young pig, but their anterior 
portions disappear in the adult The mes 
enlery for die coils of the colon and for 
the jejunum and ileum arise in the lumbar 
area, enclosing the origin of the anterior 
mesentenc artery The lesser omentum is 
short, but the greater omentum is extensive 
and lacelike It may he on the abdominal 
floor below the more anterior portions of 
the intestinal coils It attaches to the 
dorsum at the area occupied by the trans 
■verse colon The epiploic foramen is m 
die characteristic place between the pos 
tenor vena cava and the portal vein 

URINARY SYSTEM 

Tlie kidneys are not lobate externall) 
They are bean shaped, flattened dorso 
ventrallj, and somewhat pointed at the 
antenor and posterior poles The) 
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beneath the first four lumbar \ertebrae 
but the left kidney is usually slightly more 
anterior than the right one which thus 
does not contact the liver in the adult 
Each kidney has a fibrous capsule which 
IS covered by a large deposit of fat that ex 
tends into the renal sinus between the 
calyces and large vessels The hilus is 
represented by an indentation on the 
medial surface, which leads to the renal 
sinus The latter contains the enlarged 
origin of the ureter the pelvis The 
medulla consists of about 20 pyramids 
with a minor calyx fitted around the apical 
half of each The pelvis receives two major 
calyces each of which is formed by the 
confluence of minor calyces Several papil 
lary ducts open on the papilla of each 
pyramid Renal columns are present be 
tween the pyramids The loops of Henie 
are very long The kidney in the adult 
measures about 6 by IS cm and weighs 


200 250 gm Their combined weight con 
sututes about 1/200 to 1/150 of the bod) 

weight 

The renal artery arises from the aorta 
and pisses through the \entral part of the 
lulus dividing into interlobar brandies 
between the pyramids At the cortico 
medullary junction they bend at neirl) 
right angles to become the subcortical 
(arcuate) arteries From these interlobu 
lar arteries course between die medullar) 
rays to supply the capsule and the afferent 
arterioles of the glomeruli The efferent 
arterioles leave the glomeruli close to the 
affcient ones and form capillary beds about 
the unniferous tubules The efferent arteri 
oles also give branches arteriolae rcctac 
which enter the medulla to supply the p)r 
amtds The capillary beds of the cortex and 
medulla empty into the interlobular veins 
From this po»nt the veins closci) 
accompany the arterial tree 
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FIG. ]. 13— Frontal section of kidney of pig. (From Sisson ond Gressmon, 1953. Courts*/ 
W, B. Saunders Co ) 


The ureter, large at first, begins at the 
pelvis of the kidney leaving the dorsal part 
of the hilus to course in a slightly flexuous 
manner through the sublumbar fat to the 
urinary bladder near its neck. The blad- 
der is relatively large and projects decid- 
edly into the abdominal cavity. The peri- 
toneum covers it dorsally as far back as 
the openings of the ureters. The urethra 
IS discussed with the genital system. The 
urinary epithelium is transitional in t>pe. 

MALE REPRODUCTIVE ORGANS 
Testes 

The large testicles are contained in a 
non-pendulous scrotum located in the pos- 
terior area below the anus The tail of the 
epididymis is dorsal and the head ventral. 
The mcsorchium is next to the animals 
body throughout its extent. The body of 
the epididymis is contained in a fold from 
the lateral portion of the mcsorchium in 
contact with tlic testicle. The ductus de- 
ferens is in a fold of nicsorcliium e\iend- 
ing medially. The parietal layer of tuni- 


ca vaginalis (tunica vaginalis cominunis) 
forms the lining of the scrotum and is 
continuous with the peritoneum at the 
internal inguinal ring, where it forms the 
vaginal ring. The visceral layer of tunica 
v.nginalis (tunica vaginalis propria) is the 
outer layer of the cord and testicle. 
Between the two layers is the cavity 
of the tunica vaginalis, whldi is 
continuous at the vaginal ring with the 
peritoneal cavity. Directly beneath the 
tunica vaginalis propria is the tunica al- 
buginea, a heavy, dense connective tissue 
from which trabeculae extend into the 
glandular areas of the testicle to form its 
framework. The seminiferous tubules arc 
disposed as lobules. Straight tubules from 
these converge at tlie mediastinum testis 
to form a network, the rcte testis, from 
which several cfTerent ductules proceed to 
the head of tlie epididymis, where tlicy 
independently join its duct. Intcfstiti^’l 
cells are numerous. The testes arc 
lively large, having a combined wei^fit m 
relation to body weight of 1:2j0 in the 
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adult. The epididymis if stretched out 
would measure more than 100 M. The testi- 
cles have descended by the time of birth. 

Spermatic Cord 

The external cremaster muscle, which 
lies just outside the tunica vaginalis com- 
munis, is large. The spermatic cord is Jong 
due to the posterior position of the testis 
It includes the spermatic artery, \ein, 
nerves, lymphatics, and the associated 
ductus deferens covered by tunica vaginalis 
propria. 


Penis 

The penis measures, when extended, at 
least 50 cm. It is small in diameter (1-1 5 
cm), however. The erectile tissue of the 
urethra does not expand to form a glans. 
The anterior extremity of the penis is 
pointed and spirally tvvdsted, containing 
the slitlike opening of the urethra. The 
erectile tissue of the body of the penis is 
small in amount and the connective tissue 
abundant. There is a sigmoid flexure. The 
short, thick bulbocavernosus muscle is situ- 
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aled near the ischial arch. The Uvo retrac- 
tor penis muscles join the ventral surface 
of the penis just anterior to the sigmoid 
flexure. The penis lies vs ell witliin tlie 
prepuce in the quiescent state. 

Prepuce 

The prepuce has a long cavit) and a 
narrow orifice. From tlie dorsal surface just 
posterior to the orifice is an opening to a 
large diverticulum, which is partially di- 
vided into tvso compartments by a median 
septum It contains epitlielial casts and 
urine The preputial wall contains pro- 
ractor muscles 

ethra 

The pelvic urethra is about 20 cm. long 
ind is surrounded by a thick urethral 
muscle except dorsallj, where it is fibrous. 
At the root of the penis is a distinct bulb 
Projecting into the lumen from the roof 
of the urethra near the neck of the urinary 
bladder is the colliailus scminalts. Close 
to the mullinc on the latter arc the cjacii- 
lator) orifices. Many glands arc present 
throughout the suhmucosa. 


Accessory Glands 

Situated on the sides of the pelvic ure- 
thra toward the isdiial arch are the long, 
cigar-shaped bulbourethral (Cow'per's) 
glands They are about 15 cm. in lengtli 
and 3 cm in diameter and contain much 
fibrous tissue and striated muscle in tlieir 
walls. A large excretory duct leaves the 
medial surface of each gland posteriorly to 
open into the urethra close to the ischial 
arch. The gland is compound, consisting 
of mucous tubuloalveolar units The secre- 
tion, however, is veiy* thick, wa\), and 
tenacious. 

The seminal vesicles are ver> laigc p)r- 
nnndal masses (15 v 7 cm) vvhich lie dorsal 
to the neck of the urinary bladder. Thev 
tend to be blunt anteriorly and pointed 
posteriorly. Thc) have lobate surfaces and 
a thin capsule. The medial surfaces are 
in apposition with each other Several 
ducts unite to form a single large collecting 
sinus, which empties with or hiteral to the 
ductus deferens at the cjaculator)' orifice 
The secretion is gra} and water). 

Tlic muliilobar prostate gland consists 
of a small fiatiencd bod) (3x4\l cm.)> 


FIG. 1.15-Scro1om ond te$- 
tfcfe of boor. (From Geliy, 
1955. Courlejy Burgess 
Publishing Co. ond R. Cel- 
ty.) 
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FIG 1 16— Blood supply to fnale genitolio of boor. <From Getty, 1956 Courtesy Burgess 
Publishing Co and R Getty ) 
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^\hlch lies on the dorsal surface of the 
urethra at the neck of the urinary bladder, 
and a pars disseminata, which surrounds 
the pehic urethra under cover of the 
urethral muscle Many ducts empty into 
the urethra dorsallj and laterally The 
epitlielium IS similar to that of the seminal 
\esicles The body of the gland is hidden 
by the seminal ^eslcles The prostate is 
quite CKtensne when the many urethral 
glands are included with the disseminate 
portion 

The abdominal portion of the ductus 
deferens is contained in the genital fold 
It loops over the ureter to he ventral to 
the seminal vesicle and opens medial to 
tlie duct of the seminal vesicle at the ejaai 
latorj orifice The ejaculatory orifices of 
both sides are close to the midline on the 
colliculus seminalis 

Although the terminal portion of the 
wall of the ductus deferens is thickened 
and somewhat glandular, no distinct am 
pulla IS formed In the genital fold be 
tween the ducti deferentes a small uterus 
mascuhnus is sometimes present 

The testis is supplied by the spermatic 
artery from the aorta The internal pu 
dendal artery supplies the pelvic genital 
organs and by way of the ischial arch, the 
penis The external pudendal artery goes 
to the preputial area through the inguinal 
canal 

Histology 

The epithelium of the epididymis and 
ductus deferens is pseudostratified colum 
nar m type with stereocilia That of the 
seminal vesicles and prostate is simple or 
pseudostratified columnar The mucous 
secretory cells of the bulbourethral glands 
are tall The transitional epithelium of 
the urethra gives way to a stratified squa 
mous type near the external urethral 
orifice 

Semen 

The semen is grayish to milky white and 
contains lumps of gelatin like material 
The volume is at least 250 cc Ejaculation, 
therefore, must be prolonged, lasting for 


about 8 minutes There are 25 to 50 bil 
lion spermatozoa in each ejaculate (see 
Chapter 3) The gelatinous lumps of the 
semen come mainly from the bulbourethral 
gland However, the seminal vesicle fluid 
seems to enhance the formation of gelati 
nous material The other accessory glands 
contribute a less viscous fluid About one 
fourth of tlie total volume is contributed 
by the seminal vesicles, one fifth by the 
bulbourethral glands, one half by the 
prostate and urethral glands, and the rest 
by the testes and epididymes 

Spermatozoa are present m the testes by 
the time the animal is six months of age 

FEMALE REPRODUCTIVE ORGANS 
Ovaries 

The ovaries are suspended by the broad 
ligament at a position somewhat anterior 
to the lateral boundary of the pelvic inlet 
but not close to the kidneys The meso 
salpinx is extensive and conceals die ovary 
There is free communication between the 
ovarian bursa and the peritoneal cavity 
ventrally, however The abundance of 
follicles or corpora lutea makes the size 
of the ovary difficult to determine A 
mature ovary containing several large 
corpora lutea has a very lobate appearance 
There is a distinct hilus 

Fallopian Tubes 

The Fallopian tubes are prominent, 
long (20 cm ) and somewhat flexuous 
The abdominal end is large and possesses 
fimbria, the uterine end joins the small 
tip of the uterine cornu 

Uterus 

The uterus consists of two long (I-l 5 
M ) flexuous cornua and a short bod) 

(5 cm) The relatively short distance be 
tvseen the cervix and the tubal extremities 
of the uterus makes it necessary that the 
horns assume a very tortuous course The 
cervix and vagina are directly continuous, 
leaving no projection of the cervix into 
the vagina and no fomix The cervix is 
long (10 cm) and is distinguished from 
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the vagina, which is similar in lengtii, by 
its thicker wall and the many rounded 
interlocking prominences, which project 
into the lumen. 

The suspensory ligament of the ovary 
appears as a continuation forward of the 
broad ligament, which blends with the 
peritoneum ventral to the kidney. A fold 
of peritoneum containing a dense cordlike 
structure represents the round ligament of 
the uterus. It begins at the anterior ex- 
tremity of the uterine horn and courses 
to the inguinal canal where it fades out 


Vulva 

The vestibular area is long. Ventro- 
anteriorly the urethra opens into it. The 
ventral commissure of the vulva is pointed 
and projects posteriorly. The small clitoris 
lies in a fossa anterior to the ventral com- 
missure. On each side of die urethral 
orifice is the opening of the duct of Gart- 
ner. There are numerous small isolated 
vestibular glands. The wall of the urethra 
contains many cavernous seins. The epithe- 
lium is transitional in type. 

The ovarian artery on eacli side is long 



FIG. 1.17-GenIfa1 croons of sow; dorsol view. The vulvo, vootno, end cefvU oferl 
open. (From leiterino's Alios ) 
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and tortuous The middle uterine artery 
arises from the internal iliac artery, with 
the umbilical branch, and courses in the 
broad ligament to the cornu of the uterus 
The vagina and voilva are supplied by in 
temal pudendal branches All anastomose 
along tlie genital organs The veins ac 
company the arteries 


Histology 

The nonglandular stratified squamous 
epithelium of the vagina continues forward 
to include the cervical canal The depth of 
the epithelium increases considerably, with 
some comification, during estrus Leu 
kocytes are abundant in metestrum The 
vaginal smear, however, is apparently not 



FSG 1 18— Btood supply to female genitalia 
Publishing Co 
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a good indicator of the reproductne state 

The epithelium of the uterus is simple 
columnar Ciha are present in the gland 
crypts The epithelium may become tall 
and pseudostratified at proestrum and es 
trus Soon vacuolar degeneration takes 
place and the epithelium returns to a low 
columnar type The labia of the vulva 
swell and the vestibula area is reddened 
during early estrus They become flabby 
and are covered by mucus in late estrus 

The epithelium of the oviduct is simple 
columnar or pseudostratified columnar 
Some of the cells are ciliated Those that 
are ciliated become very tall during estrus 

Estrus Cycle 

The estrus cycle of about 21 days occurs 
throughout the year Estrus lasts for 2 to 
S days It does not occur during lactation 
but appears one week after weaning (see 
Chapter 3) Ovulation is spontaneous, 
ind ocairs about 3G hours after the onset 
of estrus Many ova are cast from each 
ovary at this time They reach the uterus 
in 3 days Fertilization takes place in the 
oviduct Spermatozoa have reached the 
oviduct, by their own initiative, 714 hours 
after copulation They have been known 
to be propelled to the oviduct by uterine 
contractions in a matter of a few minutes 
The semen is probably ejaculated into the 
body of the uterus because of the nature 
of the cervix 

Placenta 

The placenta is diffuse in distribution 
and IS epitheliochorial in regard to layers 
of contact Circular folds containing 
secondary ridges are distributed o\er the 
chorion except at the cornual extremities 
Uterine glandular secretions (uterine 
milk) raise the diorion off the endome 
trium in spots forming areolae The areolar 
Mill are highly developed The allantois 
IS extensive The embryos are evenly 
spaced in both cornua even though more 
ova may have come from one ovary 

Although true hermaphroditism wherein 
the gonads of both sexes are present in the 


same animal, is rare, pseudohermaphro 
ditism IS rather common in this species 
Females are more commonly affected than 
males 

ENDOCRINE GLANDS 
Pituitary Gland 

The pituitary gland lies in the upper 
part of the pituitary fossa A sheath of 
dura mater invests it and is fused with its 
capsule except dorsally where the dural 
diaphragm does not cover the gland The 
posterior projecting neurohypophysis (pars 
nervosa) is continuous with the dienceph 
alon by a slender stalk (infundibulum) 
The third ventricle extends into the stalk 
The adenohypophysis includes the pars 
distalis, pars intermedia, and pars tuber 
alls The pars intermedia is attached as 
a narrow nm to the ventral and lateral 



FIG 1 19— Schema of sogitfol section through 
the pituitary gland 
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surfaces of the pars nervosa. The pars tu- 
beraJis is associated with the stalk. The 
mairx portion is the pars distalis, which sur- 
rounds the pars nervosa except dorsally. 
The pars nerv’osa and the pars intermedia 
constitute the posterior lobe. The pars dis- 
talis makes up the anterior lobe. The two 
lobes are usually separated by a cleft 
which is a remnant of the cavity of embry- 
onic buccal evagination. 

The area between the pituitary dura and 
the periosteum in the floor of the fossa 
forms a blood sinus (cavernous) . The in- 
ternal carotid artery, which appears lateral 
to the stalk, traverses the sinus where it 
forms a delicate network (rete mirabile) - 
As the internal carotid artery rises to form 
the arterial circle (circulus arteriosus of 
^Villis) for the brain, it gives off several 
small superior hypophyseal arteries. The 
veins go directly into the dural sinus 
especially at the posterior pole. Portal 
veins course in the walls of the infundib- 
ular stalk from 'the diencephalon to join 
sinusoids in the anterior lobe. A vascular 
connection with the hypothalamus is thus 
afforded. 

The anterior lobe is the largest division 
of the gland, making up about 60 per cent 
of its volume. The neural portion of the 
posterior lobe occupies 25 per cent of the 
gland. The rest is assigned to the inter- 
media, tuberalis, and the infundibulum. 
The pituitary of a 200'Ib. pig weighs about 
.250 gm. 

The anterior lobe, whiclr is the portion 
producing the hormones which make the 
pituitary’ the "master gland," contains cells 
arranged in closely packed groups sepa- 
rated by connective tissue septa. Many 
blood sinusoids and colloid accumulations 
are present. There are three basic cell 
types according to staining properties: 
acidophils, basophils, and chromophobes. 
Tire central areas arc basophil-ridi and 
acidophil-poor. The acidophils are found 
more in the lateral and distal portions. 
The cliromophobes are evenly distributed. 
In mature animals about one-third of the 
cells are chromophobes, one-half acido- 
phils and the rest basophils. The ratio of 
chromophobes to acidophils is reversed in 


baby pigs. The basophils are always the 
least numerous. 

Adrenal Glands 

Each gland is long and cigar-shaped, ly- 
ing medial to the portion of the kidney 
anterior to the hilus. It is dark reddish- 
brown. The right gland is attached firmly 
to the wall of the posterior vena cava. 
AVhere the posterior extremity contacts the 
renal vein, one or more veins open from 
the gland. Veins may pass into the dorsal 
abdominal vein and on the right side they 
may go directly into the posterior vena 
cava. Small arteries which enter at the 
periphery may arise directly from the 
aorta, or from the dorsal abdominal artery, 
or even from a lumbar artery. The splanch- 
nic nerves enter 'the adrenal on its lateral 
surface or pass by it to go to the anterior 
mesenteric ganglion. The cortex consists, 
from without inward, of glomerular, fas- 
dcular, and reticular zones. Each adrenal 
weighs about 5 gm. and is about 10 cm. in 
length in a 200-lb. pig. 

Thyroid Gland 

The thyroid gland lies in the midline 
ventral to the trachea near the thoracic 
inlet; thus it is not related to the larynx. It 
is dark, narrower from side to side than 
vertically, and grooved longitudinally on 
its dorsal surface. It may be 5 cm. Jong 
and weigh about 5 gm. in the adult. The 
posterior extremity is more blunt than 
the anterior. The blood supply and venous 
drainage are at the posterior extremity. 
Tlie one or more arteries usually stem from 
the right omocervical artery. The vein 
empties into the anterior vena cava. The 
simple epithelium of the follicles ranges 
from low to high cuboidal depending on 
the state of activity. 

Thymus 

Tlic thymus ocaipies the area along the 
common carotid artcr)' on each side of the 
neck. Posteriorly the two parts are to- 
gether, where they lie in the mediastinum 
in contact with the pericardium. Tlic 
anterior limit is the origin of the digastri- 
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cus muscle. The omohyoideus muscle 
crosses the superficial face of the gland a 
short distance from its anterior extremity. 
The thymus is light in color, soft in con- 
sistency, and very lobular. It decreases in 
size in old animals, leaving only a frame- 
work of connective tissue. The blood 
supply arises from a\ailable vessels 
throughout its length. 

Parathyroid Gland 

The one gland which is present on each 
side is not in contact with the thryoid but 
is located in the portion of the thymus 
which is anterior to the omohyoideus 
muscle. It is not larger than a small pea 
(0.05 gm ) even in a large animal. It is 
darker and firmer than the surrounding 
thymus tissue. 

Pineal Gland 

The pineal gland is in the form of .t 
tall, narrow cone projecting upward and 


bacUvard in the raidline from the posterior 
portion of the roof of the third ventricle. 

MAMMARY GLANDS 

There are two parallel rows of glands ex- 
tending from the pectoral to the inguinal 
areas. About six pairs of glands are usuall) 
present. The number may vary and there 
may be more on one side than on the 
other Each gland has a teat whicli has an 
anterior and a posterior duct. The teats, 
or nipples, are present in tlie male but 
are rudimentary. 

The lymph from the superficial areas of 
the first two pairs of glands drains forward 
to the posterior cer\ical lymph nodes 1 lie 
deep drainage from those glands may fol- 
low the blood vessels deeply to the ante- 
rior mediastinal nodes That from liic 
other glands drains into tlie superficial m 
guinal (supramammary) nodes 

The glands of the inguinal and abdom- 
inal regions are supplied b) the external 
pudendal arter>. Perforating brandies 


FIG. t.20— VenUai view of cervical 
region. 
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from the internal thoracic artery and per 
haps branches from the external thoracic 
artery supplj the glands of the pectoral 
area 

The external pudendal and internal 
thoracic veins are continuous on the deep 
surface of the gland chain and pro\ide 
drainage both anteriorly and posteriorly 

LYMPHATIC SYSTEM 

The thoraac duct begins on the fight 
side of the aorta at the diaphragm as a 
dilated portion the cysterna chyli, which 
revA’jey I’ci'iwiw imnLs 

It passes forward across the left side of the 
trachea and esophagus to empty into the 
left external jugular vein near its termi 
nation It may be double anteriorly but is 
single at its actual termination 

The mandibular, parotid, and supra 
pharyngeal nodes have been referred t© m 
meat inspection as the "cervical glands ' 

The mandibular lymph nodes are 
located near the insertion of the stem© 
hyoideus and the anterior border of the 
mandibular salivary gland There are 
usually two on each side Afferents ar^ re 
ceived from the structures of the anterior 
part of the oral and nasal cavities Effer 
ents go to the middle and posterior c^ni 
cal nodes 

The parotid lymph nodes are redQish 
broivn and form a chain along the ante 
nor border of the parotid salivary gland 
1 he afferent vessels come from the area 
of the eye, ear, and face Efferent vessels 
go to the suprapharjngeal nodes 

The suprapharyngeal nodes are situated 
on the dorsolateral wall of the pharynx 
There arc usually two on each side, and 
they are smaller than the mandibyiar 
nodes Tlie afferent vessels come from the 
parotid nodes, the posterior portion^ of 
the nasal and oral caiities, and iJje 
pharynx Efferents form the tracheal ducts 

The middle ccivical lymph nodes form 
a group along the external jugular Vein 
Afferents are rccei\ctl from the larynx 
esophagus, trachea, and ih>mus Lffcfcnts 
rrJiV ii? f«iMejjnr cervaraJ jnodes 
‘ prescapular or posterior supcrficnl 


cervical lymph nodes form a large cliaii 
just above the point of the shoulder undei 
coser of the trapezius and omotransver 
sarius Afferents come from the neck 
shoulder, and lateral portions of the fore 
limb Efferents travel to the postenoi 
cervical nodes or the tracheal ducts or the 
thoracic duct 

The posterior cervical or prepectoral 
Ijmph nodes are situated at the entrance 
to the thorax ventrolateral to the tracliea 
Most of the lymph from the head, neck 
forelimb and thoracic wall drains into or 
thr^>ugh ihese JEfferenif go 20!o the 

tracheal ducts or into the terminal part of 
the thoracic duct 

The lymph from die head drams 
through the cervical chain of nodes, which 
also includes the posterior superficial cervi 
cal nodes, to the thoracic duct or posterior 
cervical nodes or by way of the tracheal 
ducts, which run on each side of tlie 
tracheal area from the suprapharyngeal 
nodes lo the thoracic duct The right 
tracheal duct may empty into the external 
jugular %ein independently near the an 
tenor vena cava or may form a short duct 
in common with the right prescapular ef 
ferenis, the right lymphatic duct 

The popliteal lymph nodes constitute a 
small subcutaneous group posterior to the 
stifle They dram the lower portion of the 
hind hmb Efferents go to the iscliiatic and 
internal ihac nodes 

The superficial inguinal Ijmph nodes 
(siipramammary in the female) form a 
grot'P external to the external in 
guinal ring They dram the more poste 
nor mammary glands, the preputial and 
scrotal areas, die glans penis, and the 
medial surface of the thigh and leg Effcr 
ents go to the internal iliac nodes 

The prefemoral l)mph node is a single, 
elongate bod) whidi lies at the anterior 
border of the m tensor fascnc latac Affer 
ents are recciscd from abdominal svall and 
anterior superficial areas of the hip, thigh 
and leg Efferents go to the external and 
internal iliac nodes 

The small ischiatic lymph node lies near 
the lesser sciatic notch Vffcrcnis arc re 
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ceived from the surrounding area and 
from some of the popliteal nodes. Efferents 
go to the internal iliac nodes. 

The several small external iliac lymph 
nodes are associated ivith the circumflex 
iliac vessels near the tuber coxae. They re- 
ceive alferents from the adjacent areas 
and the prefemoral nodes. Efferents travel 
to the internal iliac and lumbar nodes. 

The internal iliac lymph nodes are a 
large group near the termination of the 
aorta. Those of the group which are along 
the origin of the external iliac artery rep- 
resent the deep inguinal nodes. They are 
the principal recipients of lymph from the 
pelvic organs and limbs and from die nodes 
of those areas. Their efferents form the 
lumbar trunks and nodes. 

Lumbar lymph nodes are scattered along 
the lumbar trunks. 

The kidneys, stomadi, li\er, and spleen 
ha\e, associated with their blood supplies, 
nodes which drain into the cysterna chyli. 

Mesenteric nodes form a chain in die 
mesentery between the small intestine and 


the colon. Nodes are also associated ividi 
the coils of the large intestine. They all 
drain into the cysterna cliyli. 

The thoracic lymph nodes consist of 
mediastinal, bronchial, and sternal groups 
The mediastinal nodes are situated along 
the trachea at the thoracic inlet and along 
die aorta. They drain the thoracic %isccra. 
the bronchial nodes, and the diaphragm, 
and esen recei\e vessels from the liver and 
spleen. Efferents go to the terminal lympli 
\essels at the thoracic inlet. 

The well-developed bronchial lymph 
nodes are located at the bifurcation of tlie 
trachea and at the right apical bronchus 
Afferents are receised from the lungs, 
heart, and esophagus. Efferents go to the 
anterior mediastinal nodes 

A single sternal lymph node is situated 
on the dorsal surface of the more anterior 
part of the sternum. Afferents come from 
the \entral thoracic uall. Efferents counc 
with the mediastinal lymph %csscls. 

The germinal center is located more 
toward the center of the node than in other 
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species The peripheral rone is comparable 
to the medulla of other animals Afferent 
vessels penetrate the capsule at only a few 
points, whereas the efferent vessels may 
be multiple 

The mesenteric lymph vessels contain 
chyle and are called lacteals 
Subepithelial lymph nodules appear in 
the digestive, respiratory, and urogenital 
systems They are especially abundant in 
the digestive tract The palatine tonsils 
are m the soft palate Tubal and paraepi 
glottal tonsils are also present 

musculature 

The musculature presents no special 
features However, the muscles whicli 
bound the inguinal canal deserve attention 

Inguinal Canal 

The external inguinal ring is at the 
lateral border of the rectus abdominis 


muscle just anterior to the pubis The ring 
IS in the form of a slit approximately 4 cm 
in length in the aponeurosis of the external 
abdominal oblique muscle It is directed 
downuard, outuard, and fonvard The in 
ternal inguinal ring is the area bounded 
anteriorly by the last muscle fibers of the 
internal abdominal oblique and posteriori) 
by the external abdominal oblique apo 
neurosis The direction of the ring is up 
ward, outward, and forward The two rings 
are about 7 cm apart anteriorly but close 
together posteriorly The canal, which is 
the area interval between the two rings, is 
deep to the external oblique aponeurosis 
and lateral to the rectus abdominis The 
canal is much longer anteriorly than pos 
lenorly and its direction is forward and 
outward Through the center it is about 
5 cm in length The spermatic cord, 
enveloped in tunica vaginalis and ere 
master muscle, passes through the more 
anterior portion of the canal The ere 
master, a large slip from the internal 
oblique muscle, passes at least part way 
through the canal in the female and may 
be associated with the termination of the 
round ligament of the uterus No pen 
toneal evagimtion occurs, however In 
both sexes the external pudendal vessels 
pass through the posterior, short, portion 
of the canal Hernia can result from tend 
ency of the rings to become superimposed 

CIRCULATORY SYSTEM 

The relatively small heart lies along the 
sternum in a less upright position than is 
usually the case The fibrous pericardium 
IS attached to the sternum from the second 
sternabra to the xiphoid cartilage at the 
diaphragm It pushes the mediastinal 
pleura against the costal pleura at the 
cardiac notches The apex of the heart is 
m the midline just anterior to the dia 
phragra The heart is turned so that the 
sternal surface is contributed by the right 
ventricle, except at the apex which is 
fonned by the left ventricle The right 
ventricle has a large moderator band 

The brachiocephalic and left subclavnn 
arteries come off in turn from the aorta 
The common carotid arteries usually arise 
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ty a very short trunk from the brachio hemiazygos which inns along the left side 
cephalic artery The costocervical, deep of the vertebral bodies to empty with the 

cervical, and vertebral arteries usually arise left coronary vein into the right atrium 

together However, on the left side they below the opening of the posterior vena 

may be separate The bronchial and cava The right and left axillary and ex 

esophageal arteries are usually separate ternal jugular veins unite at the thoracic 

The abdominal portion of the phrenico inlet to form the anterior vena cava This 

abdominal artery may arise from the aorta confluence may be joined also by larger 

near the renal artery independent of the than usual internal juguHr veins The 

phrenic portion anterior vena cava is ventral to the brachio 

The intercostal veins dram into the vena cephalic artery 



FIG 1 23 — lymphotic drolnage of obdomen and pelYli of »ow (From Geffy, 1955 Courleiy 
Burgess Publishing Co and R Geliy ) 

1 Adrsnol lymph nod«s 10 Ureter 

2 Ciilsmochyll 11 Euternol II o« orttry 

3 Aort « lumber ned«f 12 O*ory 

4 Aorta 13 Clmimflrx iliae oritry 

5 lnt*fno1 Hoc r>ad*» 14 Infstnol irot ortcry 

6 E«f»mol IToe ood#» 15 Ui*fv» 

7 D««p Inguinal nodes 15 Bloddsr 

B Fomerol ortsry 17 Wum 

9 Kldnoy 
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FIG 1.25— Deep lymph nodes of ptg. (From Getty, 1955. Courtesy Burgess Publishing Co. 
and R. Getty.) 

1 Pftpeclorel 4. Covdol (oertie) mtdioitinel 

2 Sltrnol 5. Sronrhiol 

3. Cronial mediastcno! 6. Interceitol 


Tlic anicrior \cna ca\a is used as a site 
[or collecting blood or administering \arb 
ous agents in >oung pigs. The needle pas* 
ses just .anterior to the tip of die sternum 
in a jiosicrodonal direction. In larger ani* 
mals ilie external jugular scin may be 
re.acljcd In ibc depression between the 
l>oint o[ the shoulder and the scntral neck 
muscles The posterior auricular scin. 
sxhicli follous subaiiancousl) the posterior 
border of the car on the cons ex side, is 
usually accessible for injections. 

nervous system 

Tlic brain is rctaiisci) small and tieepis 
scales! in the skull. The spinal cord ends 
ai the midsacral Icsel 'Iliac arc eigbt 
ijairs of casical nerses. Tlie others cor- 
rcsi>nnd to the minilvr ol \crtcbrac in 
each region. cxcq>t in the cocesgeal area. 
’Ibc tictsous ssstent in general prrtents no 
s[>ccial features. 

SKIN AND SENSE OROANS 
•lilt >Ein, "Well i' "ifi'""" In lliitEnm. 
i, iIiIcEr.l on Ihc •'><• 


nccE. The bristles, "'hicli arc sparsely 
placed leasing some areas bare, arc long 
and coarse on the back and neck. TJicj 
occur in groups of three. The subcutis 
contains a thick panniailus adiposus. .Sc* 
baccous glands uhich open into tlie hair 
follicles arc small and fesv in number. 
Large ones arc present at the entrance of 
ilic preputial discrticulum, SNlicrc coilctl 
tubular glands arc also found. Special 
coiled tubular glands occur on the medial 
side of tlic carpus, s\lierc there are cti* 
lancous ins'aginations, and on the tligits 
and intcrdigital spaces. Com|X)und tubuhir 
glands are present in the skin of tlie snout 
Ordinary sweat glands arc not present. 

Lach digit has a ssclUlcfmcd hoof, or 
claw. 7 he hornj bulbs continue tlowrr* 
wank limiting the sole to I}e a snult atra 
close to the ssall. 

In addition to the mucoui glaml ubiVb 
is adjacent to the cartilage of the thin! 
rscltd. at a dccj>er lesel thac it a large, 
(fitiinrt miaed gland 'Jlir larrimal gland 
is of the mutous tsj>e. 7 he twt> laciitnal 
ducts do not fnnn a bnimal sac Imt pm 
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FIG 1 26— Three quarter v ew 
of ventral part of neck 

1 Ante or t p of sle num 

2 F rst r b 

3 Confluence of ve n» to form 
enter or vena eova 

4 Ax llory ve n 

5 External jugular ve n 

6 Thyrod gland 


into separate openings into the nasohcri 
mal duct, which empties into the posterior 
part of the ventral meatus The tarsal 
glands are small No lashes are found on 
the loiver eyelids The tapeium of the 
chonoid membrane is not present The 
pupil IS oval 


The osseous external acoustic canal is 
\er) long straight and directed \entro 
medially TJie tjmpanic membrane is cir 
cular and located deepi) The opening 
of the auditory tube is in the upper 
wall of the pharynx close to the poster 
lor nans 
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BLOOD 

Introduction 

Data on swine hematology are scattered, 
conflicting, and some are of questionable 
validity. Good literature reviews are avail* 
able in the accounts of Scarborough (1931- 
32), Kernlcamp (1932), Oglesby ct at. 
(1931-32), Gardner (1947),Wirth (1930), 
and Seamer (1956). 

It is a well-established fact that various 
physiological and nutritional states affect 
the hematological picture in all animals. 
Furthermore, tlie works of Kemkamp 
(1932) , Venn (1944) , and Gardiner et at. 
(1953) have shown tliat ^■aricd environ- 
mental conditions also influence the hema- 
tologic state of swine. Swenson et at. 
(1955) have demonstrated that the ration 
of the sow significantly affects the hema- 
tology of the newborn pig. Kernkamp 
(1932) proposed a set of approximately 
normal total blood cell count values for 
pigs from birth to 3 months, giving sepa- 
rate values for those reared on concrete ami 
those having access to the soil. Since swine 
herds exist under such different physio- 
logical, nutritional, and environincnial 
conditions, the results of various Inscsti- 

•Tlie author! aie indehtwl to RolieTt Uiener and 
5tc\e GoMitienr ot the Anatomy Dept, for much 
of the technical votL ITic auUtanre of Br. 

Schmidt. Vetennaty raiholo^y IVpt.; Iluatw IHl- 
•oy, Animal llutbarulry I>cpt4 and Marie Kali»c^J. 
Veterinary Llhrary, it graicfullT atirtowlevlsctl. 
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Hematology and 
Hematopoietic Organs* 


gators show considerable diversity (Table 

2 . 1 ). 

Blood groups. Compared svith other 
domestic animals, very little svork has been 
done on the blood groups in swine. Most 
Investigations of cellular antigens have 
been done in regard to studies of Iicmo- 
lytic disease of newborn pigs. 

Szcnt-Ivanyi and Szabo (1951) studied 
blood groups in 1,120 pigs by the chess- 
board method and in 450 pigs svith the 
cross-adsorption method. They rcporietl 
four antigens (A, B. C, D) in the erythro- 
cyte of the pig, and four iso-antilwdics 
against them (anti-A, anti-B, nntiC, and 
anti-D) in the scrum. These workers found 
that in the agglutination tests and the ad- 
sorption tests, antigen A was the most .ic- 
livc. With cross-adsorption mcihotls it s\as 
possible to demonstrate a close relation- 
ship bclsvecn the A crythrocyics in the pig 
and in man. 

A considerable number of cases of un- 
explained anemia in newborn pip base 
been reported by many svorken. Bruner 
flat. (1919) found that certain antilnxlics 
in the colostnim of the sow resulted in 
anemia and death of newlxim pip afier 
suckling, llicsc authors bclicsnl that loui 
iKxamc sensitizes! svith coinmctdally pre- 
pared hog cholera sirus. Doll and Brown 
(1954) rqwrted a case of henrolytic dis- 
ease of the newborn pig and luggntfd ibai 
the v>w was lensitizeil following admlnis 
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tration of crystal-violet hog cholera vac- 
cine, since the vaccine was prepared from 
the blood of pigs bled at the height of the 
virus infection. Goodwin and Saison (1956) 
reported a breed difference in the iso-anti- 
body response after vaccination with crys- 
tal-violet swine fever vaccine. They vac- 
cinated 97 Essex /\Vessex sows with crystal- 
violet vaccine and found that iso-antibodies 
were almost always present and often in 
high titer. However, in 69 Large White 
sows, iso-antibodies were absent in two- 
thirds of those tested. 

In experiments by Goodwin and Coombs 
(1956), the relationship of the A antigen- 
antibody system of the pig and hemolytic 
disease of the newborn svas studied. They 
reported that, since the A antigen is absent 
from the red cells of newborn group A pigs 
and appears ivitli increasing concentration 
during the fint few months of life, it is 
consistent with the possibility that anti-A 
could produce hemolytic anemia in the 
newborn. It is apparent that more research 
concerning blood groups in swine is needed 
before their role in the etiology of swine 
diseases is determined. 

Technics. Several standard reference 
texts are available and should be referred 
to for the technics of procuring and han- 
dling blood, total counts, differentials, 
stains, identification, and other blood de- 
terminations: O s g o o d and Ashworth 
(1937) , Osgood (1940) , Wintrobe (1951) , 
Undritz (1952), Boddie (1956), Diggs ei 
nl. (1956) , and Gradwohl (1956). 

Site of obtaining blood. According to 
Gardner (1947) and Boddie (1956) , pig 
blood may be procured by snipping the 
tail or bleeding the ear. Most venapunc- 
tures in pigs are obtained from the vena 
cava, but Staub (1954) considered this too 
dangerous for piglets and proposed using 
the cephalic vein instead. Carle and De- 
ivhirst (1942) worked out a satisfactory 
technic for withdraiving blood from the 
anterior vena cava. 

Anticoagulants. Lewis and Shope 

(1929) used 2 mg. of powdered potassium 


oxaJatc per ml. of blood. ’While Bunce 
(1954) found oxalate satisfactory for other 
farm animals, he preferred 1 mg. of sodium 
citrate per ml. of blood for use with pig 
blood. According to Hewitt (1932), it was 
necessary to use 60 mg. of sodium citrate 
per 10 ml. of blood to prevent coagulation. 
Kernkamp (1933) observed that oxalated 
swine blood showed an increase in the 
relative per cent of lymphocytes and a de- 
crease in the relative per cent of neutro- 
phils as well as a decrease in total number 
of red and while blood cells. This became 
more apparent as the interval between the 
time of drawing and the time of counting 
increased. 

Blood Values 

Blood volume. Hansard et al. (1951, 
1953) determined the blood volume of 
swine weighing from 10 to 675 lbs. to be 
7.4 to 3.4 ml. per 100 gm. of body weight. 
They observed a progressive decrease in 
total blood volume per unit of body weight 
with growth and attributed this diange to 
excessive fat in the maturing pig. Accord- 
ing to these workers, the newly born pig 
has a high blood volume. Bush et al. 
(1955b) made 71 blood volume determina- 
tions on 31 normal swine ranging in 
weight from 22 to 242 lbs. Their results 
agreed favor.ibly with those of Hansard 
/V al (mi, im) thovgb per ceat 
higher. Bush et al. found the red cell 
volume varied from 3.2 ml. per 100 gm. in 
a 22-lb. pig to 2.1 ml. per 100 gm. in a 
242-lb. pig. The plasma volume in the 
same animals varied from 6.2 to 3.5 ml- 
per 100 gra. Hansard (1956) determined 
the mean total blood volumes for 9dz2; 
46±30-, and 620:t71-pound swine to be 
7.l:i:.2, 6.6±.2, and 3.5d:.5 ml. per 100 
gm., respectively. 

Coagulation time. Payne (1952) listed 
an average coagulation time of 4 minutes 
for swine blood. According to Dukes 
(1955) , Amendt gave the coagulation time 
at 25°C. of Si/4 minutes. Smith (1912), 
quoting Nasse, gave a i^-lJ^-minute 
coagulation time. King and Wilson (1910) 
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determined a coagulation time of 2 
minutes and 23 seconds Using Quicks 
method, Muhrer et al (1942) found an 
average whole blood coagulation time of 
6 2 minutes for 5 normal animals They 
reported a strain of swine s\ith a defective 
clotting mechanism In these abnormal 
ities a globulin free fraction prepared from 
normal blood reduced the coagulation 
time 

Prothrombin time. Muhrer et al (1942) 
reported 9 1 minutes for 5 swine 

Bleeding time. Muhrer et al (1942) re 
ported 2 9 minutes for 5 sivine 

Clot retraction time. Muhrer et al 
(1942) reported 68 minutes for 5 swine 

Blood sedimentation rate According to 
Bunce (1954), the blood sedimentation 
rate is quicker in the pig than in other 
farm animals He suggested taking the 
reading at the end of 8 hours His average 
value at this point was 3 7 mm (3 2-8 0) 
for 6 pigs 

Hemoglobin Albritton (1952) gase the 
blood hemoglobin value for 1-2 hour pigs 
118 (114-12), 1-10 days 8 1 (54-10 1) 
and adult females 13 8 Gardiner et al 
(1953) found that a postnatal decline in 
hemoglobin was twice as great in littere 
on concrete floor as in those on ground 
and pasture during the first week of life 
Hematocrit values were correlated with the 
hemoglobin \alues Barber (1955) ob 
served a hemoglobin decline in indoor 
reared pigs which persisted through the 
seventh week Outdoor raised ptgs did not 
exhibit a similar fall in hemoglobin Swen 
son et al (1957) found a consistent hemo 
globin range of 9 2 to 15 3 for Durocs and 
attributed a range of 8 1 to 12 4 for 
Hampshircs to tlie maternal ration during 
gestation Winirobe (1931) listed the nor 
mal hemoglobin value as 15 AVinirobe 
(1951) reported a mean corpuscular vol 
time of 58 cu a. mean corpuscular hemo 
ghbtn of I9nn gm , and a mean corpttscu 
Inr hemoglobin concenlralion of 33 per 


cent for 300 pigs Hemoglobin values by 
other authors are given in Table 2 1 

Specific gravity. According to Albritton 
(1952), the specific gravity of whole blood 
of young pigs is 1 046 and that of plasma 
1022 Senftleben (1919) gave an average 
specific gravity of I 050 (I 042-1 055) and 
King and ^Vilson (1910) listed 1 059 as the 
specific gravity 

Blood chemistry. Relatively little chem 
ical research has been conducted on swine 
blood Available values including the 
water and solids of the blood plasma pro 
teins ammo acids vitamin content hor 
mones, minerals enzjmes coenzymes, and 
electrolytes are given by Albritton (1952) 
and compared with other farm animals 
The reader is referred to this monumental 
work for such data Hewitt (1932) in a 
study of the blood chemistry of normal 
and cholera infected swme reviewed the 
literature up to that time 

Erythrocytes 

Numbers Various investigations show i 
wide range in numbers of red blood cells 
3 855 000-10 000 000 with most of them 5 
to 8 million (Table 21) Kohamwa 
(1928) gave a leukocyte erythroqte ratio 
of 1 319 This was considerably less than 
for other livestock Senftleben (1919) ob 
served that male piglets had a higher red 
blood cell count than females This differ 
ence disappeared after weaning Doyle el 
al (1928) found an average of 5 200 000 
red blood cells in 29 one*da) old pigs 

Reticulocytes IVirth et al (1939) ob 
served 3-4 per cent reticulocytes in normal 
adults and in piglets 11-13 8 per cent 
Fraser (1938) recorded 2-5 per cent reticu 
locytcs in piglets from birth to 3 days old 
2—10 per cent in tliose 1 vvcek to 1 month 
of age, and 0 1-1 5 per cent m older pigs 

Size According to Fraser (1938), the 
red blood cells of swine vary more in size 
than those of an) other domestic animal 
(2 8-10;*) He found that normoblasu and 
Jollj bodies were usuallv present in small 
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numbers Albritton (1952) listed the size 
of the red blood cell as 6 0^. Kohanawa 
(1928) found that 4,896 cells from 6 
animals averaged 5 S/i According to Swen- 
son et al. (1957) Duroc pigs were born 
with a considerably smaller erythrocyte 
(66 5 cu. /j.) than Hampshire pigs (90 0 
cu. ^) but concluded this difference prob- 
ably was due to maternal ration rather 
than breed difference Other data on size 
are given in Table 2.1. 

Inclusions. Dlnwiddie (1914) described 
some small, spherical, ovoid or crescent- 
shaped bodies in the pig red blood cell 
Splitter (1953) mentioned these coccoid- 
like inclusions which he observed in a few 
apparently normal pigs, as well as in pigs 
vsith acute infection with Eperyl/irozoort 
suis In our ovm specimens vse observed a 
similar inclusion m about 50 per cent of 
the animals 

Folychromasia. Many investigators 
found polychromasia characteristic of pig 
blood Wirth (1938) studied the effect of 
hemorrhage on the blood picture by re- 
moving about one half of the blood In 
the pig he observed no basophilic stippling 
of the red cells, lelatively few nucleated red 
blood cells and Jolly bodies, but hundreds 
of thousands of poly diromatic erythrocytes 

Normoblasts. A few normoblasts are en- 
countered m almost all normal blood 
smears Regner (1923) counted G per 100 
and Meyer (1924) 30 per 300 while blood 
cells 

Erytlirocyte fragility. Albritton (1952) 
listed the initial hemolysis of pig red blood 
cells at 0 74 per cent NaCl solution and 


complete hemolysis with 0.45 per cent 
NaCl. Hudson (1955) compared the eryth- 
rocyte fragility of 20 pigs 72 hours of age 
or under and 20 seven month old pigs and 
found greater fragility in the erythrocytes 
of young pigs. He concluded that the 
hematological picture of baby pigs is in a 
transitory state. 

Packed cell volume (hematocrit). 
Bunce (1954) made a study in six pigs 
over a period of 15 minutes to one hour 
varying the r.pm. from 1,000 to 3,500 A 
condensation of the original data is shown 
in Table 22. 

Albritton (1952) gave a hematocrit value 
of 41 5 per cent with a range from 30-53 
per cent He also listed the hematocrit 
values for pigs 1 to 12 hours 39 6 per cent 
(39-40 per cent) , 1-10 days 25 0 per cent 
(18-36 per cent) , and adult females 40 8 
per cent 

Swenson el al. (1957) found the average 
hematocrit value for 35 Durocs 36 hours to 
8 weeks of age (29 8-44 4 per cent) slightly 
higher than those of 12 Hampshircs of the 
same ages (24 9-41 8 per cent). Other 
hematocrit values given were. Oglesby et 
al (1931-32) 47 8±0 96 per cent. Win- 
trobe (1951) 46 3 per cent, Payne (1952) 
58 per cent, and Gardiner et al. (1953) I 
day old 38 1 per cent, 8 days old 30 0 per 
cent and 15 da)s old 34 9 per cent. Hema- 
tocrit values on 18 three month-old pigs in 
our own investigations averaged 39 3 per 
cent (3,000 rpm for 30 minutes) . 

Life span Bush et al. (1955a) using 
labeled glycine found that the mean 
red cell survival time in growing swine was 
62 days Using tracer doses of Fe®®, Jensen 


table 2 2 

Packed Cell Volotce, Per Cent 


Pig No 

RBC 

15 Mm 

1,000-3,500 rpm 

60 Mm 

1, 000-3, SOOrpm 

— 


1 77 0-47 5 

60 0-39 5 



1 87 0-49 0 ; 

71 0-42 0 



88 0-31 0 1 

38 0-26 0 



76 0-35 0 

49 0-27 0 

4 


94 5-39 5 

58 0-27 25 

5 

6 

1 6 3 

j 91 5-33 9 ' 

1 64 ti-27 5 
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et al (1956) determined the a\erage 
apparent red cell life span to be 63±:16 
days Bush et al (1956) measured a life 
span of 63 days using radioactive chromium 
in 26 pigs 

Fetal blood picture Jones et al (1936) 
used the fetal pig in a study on changes 
occurring in the blood picture during fetal 
life Their results are shown in Table 2 3 

Wintrobe and Shumacker (1936) studied 
erythrocytes in fetuses and newborn 
animals They used the pig as one of the 
experimental animals and reported the 
following 

It IS shown that the red cell count hemo 
globm and solume of packed red cells are at 
first sery low as compared with those of adults 
of the same species whereas the red corpuscles 
themsehes are \ery lai^e chiefly nucleated and 
contain correspondingly high amounts of hemo 
globm As the fetus develops the number of 
red cells amount of hemoglobin and volume 
of packed red cells increase whereas the mean 
site of the cells their mean corpuscular hemo 
globm and the proportion of immature eiyihro 
cjtes decrease Mean corpuscuhr hemoglobin 
concentration however remains csscntnlly con 
stant Uiroughout 

AuUiors* obscraations Table 24 sum 
manzes the results of our observations 
Swine red blood cells arc biconcave discs 
similar to those of other farm animals In 
our observations on GO animals under six 
months of age tliere appeared to be great 
'arniion m cell sizes Pol)cliromasia and 
poikilocjtosis were observed in most of the 
smears As man) as 5 normoblasts were 
seen in counting 100 white blood cells 


Molma and Gonzalez (1940) drew similar 
conclusions from observing the blood of 
young pigs These characteristics are less 
prominent or disappear completely with 
increasing age The mean color index on 
17 three month old pigs was 0 607 Kohler 
(I9 j 6) gave a value of 0 7 for pig blood 

Leukocytes 

The white blood cells of swine have been 
described by Giltner (1907) Palmer 
(1917a) Kohanawa (1928) Oglesby et al 
(1931-32) Kennedy and Climenko 
(1931) Fraser (1938) . and Venn (1911) 

Table 2 I includes the white cell counts 
recorded by various investigators In rc 
viewing the literature up to that time 
Scarborough (1931-32) concluded that the 
total white cell counts were 20-50 per cent 
higher in young pigs and higlicr in the 
males a lymphocytosis accompanied lac 
tation and a digestive leukocytosis occur 
red within 3 to 5 hours after feeding It 
has been well established by Kernkamp 
(1932) Fraser (ID38) \enn (1911) 
Gardiner et al (1953) and Luke (I9 jSi) 
that the total number of white cells in 
normal piglets decreases after birth and 
that an increase takes place at about 2 
weeks of age resulting in a lympliocvtic 
blood picture According to Gardiner et 
al (I9j3) the white blood cells v\crc not 
allccicd by variations in environment such 
as concrete floors vs dirt floors or ground 
and pasture 3\irih et al (1939) stated 
that the numbers of white blooil cells in 
swinc arc high He gave 10 009-1^000 for 
young animals and 15 000-20 000 for grow 
iiig animals and for the most pan Ivmpho- 
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cyiic in nature. Swenson ct al. (1957) 
found a gradual increase in total leukocytes 
in Durocs from around 7,000 at birth to 
19,000-20,000 at 5 weeks. 

EfTect of digestion. Regner (1925) 
studied the effect of digestion on the 
differential white blood cell count. During 
digestion lymphocytes decreased 11.2 per 
cent and neutropliils increased 12.1 per 
cent. At 2 to 5 hours after eating he found 
•12.3 per cent bmphocytes and 49.8 per cent 
neutrophils, but 12 to 17 hours after feed- 
ing there were 51.8 per cent lymphocytes 
and 37.5 per cent neutrophils. Other cells 
were not affected. 

Effect of exercise. Palmer (1917b) 
found that by exercising 15 normal pigs the 
total white blood cell count increased and 
the blood picture changed from lympho- 
cytic to neutroplulic. 

EfTect of heat. Exposure to the sun 
caused changes in die blood picture similar 
to those produced by exercise (Palmer 
1917b). 

EfTect of adrenal hormones. Luke 
(1953c) observed a lymphopenia and neu- 
trophilia svith a sharp increase in the total 
•white cell count within two hours follo^v. 
ing the administration of adrcnocortico- 
trophic hormone and adrenal cortical ex- 
tract to swine. 

Neutrophils. Various nuclear shapes 
such as ring, spiral, U, S, Z, M, 8, or double 
8 forms, in addition to the segmented forms, 
have been described in neutrophils of the 
pig. According to Giltner (1907) and 
Palmer (191 7a), the nucleus, if segmented, 
is extremely polymorphous. Venn (1944) 
found more than three lobes uncommon. 
Kennedy and Climenko (1931) attributed 
a left-handed Arneth count to these young 
forms. Fraser (1938) found 13 per cent or 
less of the neutrophils had more than three 
lobes and observed none with more than 
five lobes. Fraser (1938) and Venn (1944) 
gave Schilling hemograms. In pigs up to 
12 weeks of age Venn found die stab forms 
^73 per cent) exceeded the segmented 


forms (21 per cent). In young and adult 
pigs Fraser obscrs'cd approximately 10 per 
cent band types. According to ^Virth 
(I93S), a certain number of young forms 
exist in the blood of healthy swine. 

Luke (1953a) obsened a well-marked 
lymphopenia and .n neutrophilia in the sow 
at parturition. This may be manifested 
from C to 30 days prior to parturition or 
may be delayed until fanrowing has com- 
menced. According to Luke (1953b), a 
comparatis'c lymphopenia was present in 
the newborn pig. He found wide variations 
in the lot.al white cell counts made at 
weekfy intervafs. 

According to Kohanawa (1928), their 
si/c varied from fi.G to \5Afi, most fre- 
quently ll.O/z, and tlic nuclear segments 
s-aried from I to fi with S segments oc- 
airring most usually. Kohanawa found 
only one segment in 0.9 per cent of the 
neutrophils. Venn (1044) listed the aver- 
age si?c at 11^. Recent morphological 
studies of polymorphonuclear blood cells, 
particularly neutropliils, have revealed the 
presence of a sex chromatin appendage 
("drumstick”) in the female of many 
species. They were first described by Da- 
vidson and Smith (1954) in tlie Iiuman 
species and later in the domestic and 
laboratory animals by Smith and Calhoun 
(1956). Fig. 2.1 shows a ring-shaped nu- 
cleus with a "drumstick.” 

In our smears of pig blood variable forms 
of the nucleus of the neutrophil were evi- 
dent. AH the shapes described above were 
observed. Fig. 2.1 shoivs a ring-shaped nu- 
cleus. "While hypersegmentation of the nu- 
cleus is not characteristic of the neutro- 
phil of this species, one witli 6 segments 
is shown in Fig. 2.2. 

Lymphocytes. Giltner (1907) and Venn 
(1944) described two types of lymphocytes, 
and Palmer (1917a) classified these cells 
into three groups — small, medium, and 
lar^. According to Fraser (1938), the nu- 
deus may be spherical, oval, or kidney- 
shaped, but a "bilobed form is not seen in 
the pig.” Both these investigators found 
azurophile granules rarely and Fraser ob- 
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sened onl) small granules Venn found 
the large Ijinphocyte stained lighter and 
contained more cytoplasm Sizes gnen va 
ried from 8 5 to 14 /li Kohanaixa (1928) 
determined that the 21 6 per cent of small 
lymphocytes comprised 90 4 per cent of all 
the lymphocytes ^\hile only 2 3 per cent of 
the total lymphoc) tes were of the large 
variety According to kohanawa the small 
lymphocytes aaried in size from 5 5 to II 0 
fi and the large lymphocytes from 12 1 to 
17 6^ With an average of 14 Sfx According 
to this same investigator 4 per cent of the 
small and 5 8 per cent of the large lympho 
cytes exhibited azure granules Vacuolated 
degenerating forms were extremely rare 
According to Senftleben (1919) lympho 
c)tes are easily confused with monocytes 
because of the large size of lymphocytes m 
pigs (6 8 I5 3;i) 

In studying lymphocytes and monocytes 
in our own preparations the similant) be 
tiseen these cells as reported by Senftleben 
(1919) was confirmed However the nu 
cleus of the lymphocyte stains darker than 
that of the monocyte and is usually 
<:al or only slightly indented (Fig 2 2) 
’The cytoplasm tends to stain more blue 
than the monocyte cytoplasm The large 
lymphocytes have an increased cytoplasmic 
micleir ratio Azurophilic cytoplasmic 
granules of various sizes are not iincom 
tnon 


Monocytes The a% erage size of the 
inonocyte reported b> Fraser (1938) was 
7-^^ by Venn (1944) 13 5^ and Kohan 
(1928) 99-154u-389 per cent ot 
whicli were 13 2^ Venn (1944) desCTibed 
the shape of the nucleus as spherical oval 
reniform horseshoe shaped and convo 
h'ted Fraser found some with as 
three lobes All investigators described 
^t^ophthc granules in the qtoplasm 
The monoqte mav be identified b) * 
^I'ge size, Its pale staining m comparison 
'"th the lymphocyte and the small azuro* 
granules uniformly distributed m 
grayish blue cytoplasm (Fig 

Small vacuoles also frequently characterize 
"11 cytoplasm The most typical nuclear 
‘°rm IS the horseshoe shape but all me 


forms described by Venn (1944) may be 
observed 


Eosmophils The eosinophil nucleus was 
described as bilobate (Giltner 1907) and 
1 to 4 lobed (Palmer 1917a) Venn 
(1944) stated that the stab form nucleus 
predominated and that he had never seen a 
nucleus with more than 2 lobes Fraser 
(1938) observed young nuclear forms fre 
quently bilobate forms occasionally and 
rarely 3 lobed nuclei Hirshfeld (1897) 
found many eosmophils with a spherical 
nucleus Kohanawa (1928) observed 60 
eosinophils and found 8 with 1 41 with 2 
9 with 3 2 with 4 and 0 with 5 segments 
Fraser found large clear cut granules 
kohanawa found the granules to be a little 
larger than those of man and ruminants 
Senftleben (1919) stated that the cosino 
phils of swine have particularly fine gran 
ules and have a juvenile nucleus Accord 
mg to Rossi (1953) an eosmopenii oc 
curs in castrated animals He related this 
to a hypertrophy of the cortex of the 
adrenal gland found in castrates Giltner 
(1907) counted about 100 granules m each 
cell According to Venn (1944) tlie gran 
ules do no obscure the nucleus Venn 
found the average size to be 12^ and 


Kolianaua (1928) 10 7/i ,, j i 

The eosinophils of swine blood ai 
though few in number arc readily 

fiedby the eosinophilic granules (Fig 2 1) 
A comparison of these granules with ibose 
from the ruminants proved that they arc 
slightly larger A count of IM '“P''''’ 
repealed 32 per cent uith a bind nu Jei s 
49 per cent with 2 segments and only 
per cent with 3 or more segments 


Basophils This cell t)pe uas 
b) Fraser (1938) as die 1’^“' „ 

cells m the pie He dcsCTibed two typ« 
one thstended Llh lie" 

and the odter rarer uidi fet cr n 

basophdic granules 'cnn ( 

only one type avcragwl 12 

coarse basoph.hc 

basophilic granules 
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Basophils are rare and difficult to find 
in a smear but are easjlj' recognized by the 
basophilic granules which pack the cell 
and obscure the nucleus (Fig 2 1) 

Flasmocyte Fraser (1938) found only 
one plasma cell in all his slides While 
Kohanawa (1928) observed this cell m the 
horse ox sheep and dog he did not find 
any m swine 

This cell type is extremely rare and best 
located by low power microscopy Its bright 
robin s egg blue cytoplasm and eccentrically 
located nucleus distinguish it Higher mag 
nification reveals a halo about the nucleus 
and a cartwheel pattern of the nuclear 
chromatin is usually discernible (Fig 2 3) 

Platelets 

According to Fraser (1938) , the platelets 
seen in swine blood are small (1-5/*) 
bodies having a clear plasma limited by a 
membrane Each contained from I or 2 to 
40 bluish staining granules The platelets 
were often clumped together but individ 
ual platelets could be observed They were 
spherical or oval and often had tiny pseu 
dopods Hikmet (1926) counted the plate 
lets in five animals and found they varied 
from 296 568 to 616 320 with an average 
of 403 643 per cu mm Wirih (1938) listed 
the platelet value at 300 000 per cu mm 
Kohanawa (1928) recorded 263 000 plate 
lets per cu mm and found the size varied 
from 11 to 4 9/1 sviih most of them mea 
suring 2 2/* Cartsvright et al (1948) listed 
mean platelet value m low protein control 
pigs at 414 000 with a range of 310 000 
to 420 000 per cu mm Giltner (1907) 
found that the platelets varied in size 
from l-4/i and numbered 200 000 to 500 
000 per cu mm Sopena (1941) found 
595 000 platelets per cu mm m hogs 
Typical platelets are shown in Figures 2 2 
2 3 and 2 9 


bone marrow 

Introduction 

Relatively little research has been done 
on the bone marrow of domestic animals 
a„d smne m part.cubr Schmidt N.dson 
Ld Espel. (1941) chemically analyzed the 
manow content oE five different bones of 


cattle and swine Goodman (1952) made 
a quantitative study of the distribution of 
lipids in the right femur bone marrow in 
the pig and found more lipid by weight in 
the distal marrow in a 2 month old pig 
but by 6 months the proximal marrow 
contained more lipid Kohler (1956) has 
mide an extensive study of the blood and 
bone marrow of the piglet Variiak (1935) 
studied the microscopic appearance of the 
bone marrow of 413 pigs 9 to 12 months 
old and 87, 1 to 2 years old In the former 
the coccygeal vertebrae were completely 
fat filled the sacral only partly filled with 
fat and the lumbar entirely red bone mar 
row Between the ages of one and two 
years there was fat in the lumbar thoraac 
and even cervical vertebrae but they still 
contained foci of red marrow 

No)an (1948-49) included seven swme 
m a study of the bone marrow of farm 
animals but did not describe the cells 
The sites for bone marrow puncture 
vary with different investigators Kohler 
(1956) used the sternum in larger pigs but 
m small or younger pigs preferred the 
median or lateral tibial tuberosity Noyan 
(1948-49) found the wing of the ihum a 
satisfactory puncture sue for swine The 
animal was snubbed and confined m a 
standing position and bone marrow was 
obtained without any apparent physical 
dtscomlort except the objection to heiog 
confined According to Noyan, bone mar 
row could not be obtained at the crest of 
the ilium in swine XVintrobe and his 
group (Cartwright et al 1950) use a 
standard 16 gauge needle and aspirate mar 
row from the sternum 

Table 2 5 summarizes the available bone 
marrow data Preliminary investigations by 
Diener (1957) indicate that work m pro 
gress at Michigan State University will re 
suit in a myelogram very similar to those 
reviewed here 

Red Blood Cell Series 

Israels (1941) summarized the maiura 
tion of the erytliroblast as follows the 
cell shrinks to one half its original size 
the basophilic cytoplasm becomes less and 
less basophilic poljchromatophilic and 
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finally eosinophilic. The nucleus shrinks 
and the cliromatin condenses, resulting in 
a featureless dark mass.” 

All stages in this maturation process ap- 
pear in a smear, and identification is fairly 
simple. The more primitive cells contain 
a reddish-purple nucleus containing nu- 
cleoli. As the cell develops, the nucleus 
becomes smaller, tlie nucleoli disappear, 
and the cliromatin material condenses and 
stains darker. At the same time the c)’to- 
plasm dianges from a blue to a steel-gray, 
then to the orange-pink color characteristic 
of the adult red blood cell. In the final 
stages the pyknotic nucleus is extruded 
from the cell. Several of these stages are 
illustrated in Figures 2.4, 2.5, 2.7, and 2.8. 

Granulocyte Series 

Myeloblast. These cells are few in num- 
ber, only slightly diffcreniiated from the 
hcmoc^'toblast and very diHicuU to identify 
with certainty (Figs. 2.6 and 2.8). 

Programilocytc. The cytoplasm of this 
cell lacks specific granulation (neutro- 
philic, eosinophilic, or basophilic), but 
may contain arurophilic granules. The 
chrom.itin is coaner than that of the myelo- 
blast (Fig. 2.4) . 

Neutrophilic scries. Tliis series is char- 
actcri/cd by the prc'scncc of neutropbilic 
granules in the cytoplasm. The nucleus 
dianges from the spherical nucleus of the 
neutrophilic lujclocytc (Figs. 2.5 ami 2.6) 
to the oval or indented shape of the neu- 
trophilic metamjclocyic (Fig. 2.6) to the 
narrow hand of the "band’' neutrophil 
(Figs. 2.6 and 2.7) which constricts and 
segments to become the adult segmented 
poljmorjilionuclcar ncniroplilic leukocyte 
(Figs. 2.2 and 2.G) . 

Eosinophilic series. Ringocn (1921) 
found great numbers of developing ami 
adult eosinophils in swine. He thcori/cd 
that the granules were all dcvclojiecl at one 
time. The cells in this scries arc readily 
dislinguisliablc by the brigUi rcd granules, 
llicsc almost obliterate the blue cjloplasin. 
'Hie uudeus goes through the same changes 


in form as the nucleus of the neutrophil 
(Figs. 2.4 and 2.6) . 

Basophilic series. These, loo, are very 
characteristic due to the basic staining 
granules which pack the cytoplasm and 
even cover the nucleus to the extent that 
it is difficult to see (Figs. 2.1 and 2.5). 
Like the otlier granulocytes, the nucleus 
may change from a spherical form to the 
segmented form or it may remain Spheri- 
cal in the adult form. 

Agranutoeyfe Series 

Lymphocytes and monocytes. lYliile the 
adult forms of these cell series are present 
in bone marrow smears due to the addi- 
tion of blood, the developmental stages are 
in the minority. There is probably little 
question that there are some foci of de- 
velopment of the nongranuloc)’tic series in 
the bone marroiv, but the lymphoid organs 
furnish most of these cells. 

Megokaryoeyfes 

Kingsley (1955) obsen'cd that as the 
megakaryoblasts of the pig developed, 
specific granules in the cytoplasm became 
distinguishable from other stem cells- The 
granules increased in number as the cell 
developed and tended to appear in groups 
in the pscudopods. lie found that the nu- 
cleus changed from spherical to kidney to 
horseshoe shape, before developing pro- 
jections which gave it the complicated ap- 
pearance of the adult. Mcgakaryoqfc 
counts were made by Moretii (1950), O.S 
per cent, and Gallcgo (1951), 0.5 per cent 
(Fig. 2.9). 

BIOOD IN DISEASE 

Clinical hematology as an aid in tlic diag- 
nosis of swine diseases h.ns not been usc<l 
cxtcnshcly. This is primarily due to the 
fact that other sjmptoms arc usually more 
specific, and that much of the swine diag- 
nostics has been done under field condi- 
tions where hematological studies are dif- 
fiCTtIt to undertake, .\nailicr difficuliy en- 
countered is the sariabilits of normal 
values as well as those associated srith 
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ipccific disease conditions. Therefore, un- 
less the diangcs in the blood picture devi- 
ite rlrastically from the normal, one hesi- 
tates to depend on such data alone for the 
diagnosis of swine diseases. 

Virus diseases in general cause a decrease 
in the total white blood cell count, A leu- 
kopenia usually occurs in cases of hog cliol- 
era infections. Many times other compli- 
cating factors such as pneumonia or par- 
asitism alter the blood picture so that a 
leukopenia no longer exists. 

Bacterial infections generally cause a 
leukocytosis witli an increase in neutro- 
phils and a decrease in lymphocytes. Sal- 
monellosis in the aaite form may simulate 
hog cholera infections except for the ac- 
companying leukocytosis. Acute swine ery- 
sipelas produces a severe bacterial septi- 
cemia, and ilterefore a leukocytosis. 

Parasitism in swine does not alter the 
blood picture to a great extent. However, 
eperythrozoonosis in swine is characterized 
by causing a severe icterus accompanied by 
an acute anemia. There is a drop in the 
red blood cell count to one to two million 
cells/cu. mm. accompanied by the presence 
of many immature erythrocytes and retic- 
ulocytes, The hemoglobin values decrease 
to 2-4 gm. The white cell count is usually 
unchanged but may show a leukocytosis. 
The bone marrow is hyperplastic. 

Anemia is defined as the loss of normal 
balance between the productive and de- 
structive blood process due to a decrease in 
volume or a decrease in number of red cells 
or a reduction of hemoglobin content. A 
hemolytic decrease in baby pigs caused by 
maternal iso-immunization has been re- 
ported by many workers. The primary 
symptoms observed are a severe jaundice 
accompanied by a marked weakness and 
lassitude. Clinically, there is a drop in the 
total red blood cell count and a decrease in 
hemoglobin. Blood smears show enlarged, 
ringed, and basophilic red cells with retic- 
ulocyte counts as high as 60 per cent. 

Certain nutritional states of swine cause 
hematologic changes as observed by AVin- 
trobe and his co-workers at the University 
of Utah. Pteroylglutamic acid deficiency 


produces a severe macrocytic anemia 
accompanied by a leukopenia. Copper and 
iron deficiencies in swine cause a severe 
microcytic anemia. In iron-deficient 
animals the erythrocyte survival is normal 
and the anemia is due to a decrease in 
hemoglobin synthesis. However, in copper- 
deficient swine the anemia is a result of a 
shortened life span of the erythrocytes. 
Niacin deficiency causes a moderately se- 
vere normocytic anemia with no particular 
change in the white blood cells. 

LYMPH NODES 

It is a well-established fact that the 
lymph nodes of swine have a unique histo- 
logical structure. The cortical and medul- 
lary areas are reversed in position, the 
denser lymphatic tissue containing the 
germinal centers ocaipying a central posi- 
tion, while the more loosely arranged 
medtilla-like component is located peri- 
pherally. According to Trautraann and 
Fiebiger (1957) , the afferent lymph vessels 
pass through the capsule at one or several 
points and traverse the trabeculae to the 
interior of tlie node where they empty into 
the trabecular sinuses. Converging sinuses 
at the periphery form the efferent vessels 
whidi leave the node at several points on 
the surface. Recent investigations of Bouw- 
man (1957) suggest that the blood vessels 
enter with the afferent lymphatics, and also 
at the point where the efferent lymphatics 
lake origin. As a result there is no true 
hilus as in the nodes of other spedes. 
Microscopic hilus-like indentations are vis- 
ible where the afferent lymphatics enter. 
These have been referred to as pseudohili 
by some authors. According to Bouwman, 
the peripheral medulla-like area is similar 
histologically to the medulla of ordinary 
nodes, except that the tissue is not ar- 
ranged in cords. It is comprised of a basic 
reticular framework containing small si- 
nuses and clumps of cells uniformly distrib- 
uted. Collagenous and elastic fibers may 
also be obseiwed in the medulla, Bouw- 
man described a thin capsule containing 
collagenous and elastic fibers and smooth 
muscle cells. The chief trabecular system 
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of the pig lymph node arises at the points 
where the afferent lymphatics enter. Bouw- 
inan’s in\estigations verified those of ear- 
lier workers that many small lymph nodes 
tend to fuse togetlier to form one large 
node. After studying lymph nodes pre- 
pared by \arious injection methods, Bouw- 
man supported the tieu* that the afferent 
lymph ^esscls penetrate deep into the "cor- 
tex,’' and open into trabecular sinuses 
uhicli in turn join sinuses whidi continue 
to the "medulla." The medullary sinuses 
con\crge to form tlic efferent vessels. 

In summary, c\en though the macro- 
scopic arrangement of the pig lymph nodes 
is in a sense re\ersed, the basic histological 
structures arc \cry similar to those of the 
lymph nodes of other species (Fig. 2.J0). 

SPLEEN 

I The spleen is one of the blood-forming 
and blood destroy ing organs and because of 


these functions, has considerable impor- 
tance in the metabolism and defensive 
mechanisms of the body. The spleen acts 
as a filter for the blood due to the type of 
open cirailation which allows Ute blood to 
come in contact with the fixed and free 
macrophages of the organ. 

Capsule and trabeculae. Among our 
domestic animals the capsule of the pig 
spleen is next to the horse in thickness 
(Trautmann and Ficbiger, 1957). The ex- 
ternal surface Is covered by a serosa which 
is intimately attached to the capsule. The 
capsule is made up of connective tissue 
ridi in smooth muscle, and collagenous 
and ckistic fibers. In the pig the muscle 
fibere are intencoven (Trautmann and Fie- 
biger, 1957). At the lulus the capsule con- 
tinues with the entering >e$scls and forms 
the thick trabeailar vascular sheaths uhidi 
ramify with ilie vessels. 



FIG. 2.10— Pig lymph ned«. 
Homolexylln-«etln. X 95. 
P.S —peripheral ilnui 
T.S — trobeculor ilnui 
l.N — lymph nodule 
C— eeptule 
T— trabecula 
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Hea \7 trabeculae make up the remain- 
der of Uie framework of the spleen. They 
radiate from the capsule and continue to 
branch and rebranch forming a netlike ar- 
rangement ■which senes as a scaffold for 
the splenic pulp. According to Tischen- 
dorf (1952), muscle is present in the pulp 
of the pig spleen as single isolated fibers. 
He reported that tliese myofibrils are 
united to each other and to the reticulum 
cells by spedal foot plates. This ramified 
arrangement forms a tridimensional net- 
work allowing the myofibrils to continue 
through several longitudinally connected 
cells. This pulp musculature has a function 
antagonistic to the capsule-trabecular sys- 
tem. 

The reticular network extends through- 
out the red and white pulp and marks the 
border between them as illustrated in Fig- 
ure 2.11. Trautmann and Fiebiger (1957) 
reported that the reticulum of the red pulp 
is especially strong in the pig. 

Blood vesseb. The main arterial sup- 
ply of die pig spleen is similar to that of 


other animals. The splenic artery enters 
at the hilus, branches with the trabeculae, 
and continues into the pulp tlirough the 
splenic corpuscles as the central artery, and 
then into the red pulp as fine penicilli. 
The penicilli ramify into the ellipsoids and 
the arterial capillary segments enter the red 
pulp and terminate in rounded ampullae. 
In the pig the red pulp contains primordial 
veins (Snook, 1950) which anastomose 
with the trabecular veins and extend to 
the hilus. 

Red pulp. The pig spleen contains con- 
siderable white pulp and relatively little 
red pulp. According to Snook (1950) the 
red pulp is of the non sinusoidal type hav- 
ing small primordial veins which lead di- 
rectly from the pulp meshes into collecting 
veins Trautmann and Fiebiger (1957) re- 
ported that the sinusoids of the pig are 
subordinate to the rest of the red pulp. 

Penicilli branch from the central artery 
and enter the red pulp. At this point they 
are invested by a large ellipsoid (Schweig 
ger-Seidel sheath) composed of closely 


FIG. 2.]1— Pig spleen. Two splenic 
corpuscles surrounded by reticular net- 
work. Reticular Impregnation. X 100 
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packed, pale-staining cells embedded in a 
net o£ reticular fibers. The ellipsoids of 
the pig spleen are very well developed and 
distinct (Fig. 2.12) . Snook (1950) reported 
them to be the second largest (195-62;*) 
of any of the animals he had studied, ex- 
ceeded only by that of the mole. Ellipsoids 
have been reported as nervous structures 
and muscular organs, but it is generally 
believed that these structures are a con- 
densation of retiailar fibers and reticulo- 
endothelial cells investing a capillary. The 
exact function of these ellipsoids is un- 
known, but some believe that they serve 
as the first filters for the arterial blood 
since there are openings between the retic- 
ule endothelial cells. 


The parenchyma of the red pulp is 
composed of modified lymphatic tissue in 
a framework of reticular fibers. lu the 
meshes of the network are free macro- 
phages, all elements of the circulating 
blood, with the agranulocytes being the 
most numerous. The lymphocytes which 
are present in the red pulp originate in the 
white pulp and migrate by ameboid move- 
ment. The macrophages are round or ir- 
regularly shaped cells with a vesicular 
nucleus. Many times these cells engulf 
erythrocytes in various stages of degen- 
eration. Frequently yellow and bro^vii gran- 
ules are seen in these cells as a result of 
red cell destruction. Other cells foi^nd in 
the red pulp include myelocytes, plasmo- 



FJG. 2. 12— Pig spleen. 
Uematoxylin-eosin. X 95. 
C— capsule 

T— trabecula , 

E— ellipsoid 
M— Smooth muscle 
R.P.— red pulp 
W.P.— white pulp 



Chapter 2 HEMATOLOGY: Calhoun, Smith 55 


qtes, erythroblasts, and megakaryocytes 
Seamer (1956) reported finding partial 
larly prominent megakaryocytes in the red 
pulp of tlie spleens of young pigs 

VPhite pulp. The white pulp which is 
associated with the central artery men- 
tioned above is made up of a reticular 


framework investing free lymphocytes of 
various sizes These cells are dxstnbuted 
so as to form nodular lymphatic tissue The 
center of the nodule is pale staining since 
It amtains die young, undifferentiated 
lymphoblasts while the periphery is dark 
due to the more mature lymphocytes 
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CHAPTER 3 


Physiology 


Little IS known of the physiology of swine 
Much of the available information is de 
rived from studies designed to answer 
problems related to animal husbandry and 
not to obtain fundamental physiological 
data For example, because of its applied 
importance in the rearing of swine there 
IS much more information on environ 
mental physiology than on basic aspects of 
respiratory or cardiovascular physiology In 
some instances only isolated facts have 
been accumulated on particular organs and 
systems, and therefore it is impossible to 
develop any correlated discussion at this 
time For these reasons, the chapter pre 
sented here is not a balanced one and the 
amount of space devoted to the various 
subjects does not necessarily reflect their 
physiological importance but rather the 
relative availability of information The 
material is confined almost entirely to 
specific data on swine, and no attempt has 
been made to discuss general physiological 
problems as they might be related to this 
animal 

CARDIOVASCULAR SYSTEM 

Dukes (1955) states that the heart rate 
of the resung pig vanes from 60 to 80 beats 
per minute This is a much lower value 
than that obtained by Plainer et at 
(1948) , who studied heart rate by means 
of an electrocardiograph and reported a 
mean rate of 182 per minute Howe^er, 
this higher rate may be in part due to the 


animals* struggling Luisada et al (1944), 
in a study on a limited number of pigs of 
various weights (45 to 400 pounds) , re 
corded heart rates of 120 to 135 per min 
ute 

Dukes and Schwarte (1931a) found the 
mean pressure m the carotid artery of a 
group of 14 pigs under local anesthesia to 
be 169 mm Hg In the same report these 
workers descnbed the influence of certain 
nervous and nonnervous factors on the 
cardiovascular apparatus of the pig Stim 
ulaiion of the central end of the right 
vagus nerve usually caused a rise in blood 
pressure while stimulation of the central 
end of the left vagus had little or no effect 
Stimulation of the peripheral end of the 
splanchnic nerve led to a rise in blood 
pressure, sometimes as much as 100 per 
cent In the pig the cervical sympatlietic 
nerve on both sides is separate from the 
vagus nene 

Plainer et al (1948) studied the electro- 
cardiogram of pigs which were between 
60 and 90 days old and reported the fol 
lowing average \alues (in seconds) for 
duration of the various wa\es P wa\e, 

0 047, P-R interval, 0 074, QRS wave, 

0 044, Q-T interval, 0 331 These figures 
are not in general agreement with those 
of Luisada et al (1914) , who obtained the 
following salues (in seconds) based on a 
limited number of pigs P wave, 0 08, P-R 
interval, 0 12 to 0 14, QRS wave, 0 OG, Q-T 
interval, 0 22 to 0 28 Luisada’s group 


[5»I 
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(1944) also recorded heart sounds m j>igs 
by means of phonocardiograms According 
to their data the first sound lasts from 
0 12 to 0 14 seconds and is composed of 
three or four quick and large vibrations 
folIo^^ed by some others Avhich are smaller 
and slower The second sound occurs 
shortly after the end of the T \\a.\c and 
lasts 0 04 to 0 06 seconds 
Spom (1954a) found that the relative 
duration of diastole to systole was shorter 
in the pig than m any of tlie other annuals 
studied (horse dog elephant, cattle 
sAetfp/ Ai a iVrer reporc ^pom 
proposed that the predisposition of pigs to 
death from acute heart failure may be re 
lated to tlie \ery short period of diastole 
He reasoned that because of compression 
of the myocardial vessels during systole the 
flow of blood to the heart muscle is con 
fined almost entirely to the period of dias 
tole A short diastolic period is thus un 
favorable for exchange of metabolites be 
tween blood and musculature and th^ re 
cosery processes in the muscle fiber duvmg 
diastole are endangered With faster hgart 
rates the diastolic period is reduced pro 
portionately more than the systolic period 
and for this reason a tachycardia produces 
more unfavorable conditions for metabolic 
exchange and recovery Tacliycardia is ibus 
a partiailar danger for the pig 

Thiamine deficiency in the pig results 
m various changes in the electrocardiogram 
and cardiac activity (Wintrobe et 
1943) These include bradycardia pro 
longed P-R interval second degree a^rio 
ventricular block abnormalities m p 
waves nodal and ventricular premature 
beats auriculoventncular dissoaation 

complete heart block %vith an ectopic Ven 
tnnilar rhythm and auricular fibrillation 
The changes observed in the thiamine de 
ficient pig appear more pronounced than 
those seen m other animals or man 

RESPIRATORY SYSTEM 
The breathing rate m pigs vanes from 
8 to 18 per minute Dukes and Schwarte 
(Tinrf 6/ imrvfir s .wumhfir ^jtsr 

-“«“XeS of pig^ m 


quite inconsistent Stimulation of the cen 
tral end of the vagus nerve usually caused 
complete inhibition of breathing Crush 
ing of the vagus or stimulation of the cen 
tral end of the sciatic nerve gave variable 
results while occlusion of the carotid arter 
ICS had little or no effect on breathing 

Young pigs tend to huddle together for 
warmth and if observed closely can some 
times be seen to shiver with each inspi 
ration and then to lie quietly without shiv 
enng at intervals Cort and McCance 
(1953) studied the mechanism of shivering 
ancf Its refationsfiip to breathing m a se 
ries of acute experiments If cold air was 
introduced directly into the trachea shiver 
ing movements occurred during inspiration 
followed by a pause during expiratory rest 
If the stimulus was continued for some 
time, the shivering increased in amplitude 
but lost m respiratory rhythm Cutting the 
vagus bilaterally abolished the rhythmic re 
sponse These experiments seem to indi 
cate the existence of a temperature receptor 
in the walls of the trachea bronchi or 
bronchioles and demonstrate that vagal re 
flexes are important in the initial rhythmic 
response associated with inspiration 

GASTROINTESTINAL TRACT 

Under natural conditions food is carried 
to the mouth of the pig largely by action 
of the pointed lower Up As an aid in ob 
taming food the animal may dig up the 
ground with its snout When pigs are 
prevented from rooting prehension of food 
is accomplished by the teeth tongue, and 
characteristic movements of the head 

The esophageal region of the pigs 
stomach is limited to a small area around 
the cardia The cardiac gland zone is quite 
extensive occupying the enure left extrem 
ity of the stomach The fundic zone is 
large and the pyloric gland zone extends 
to the pylorus and is similar to tlie pyloric 
region in the dog and man 

Saliva of the pig contains an amylase 
but Its amylolytic activity is much less 
powerful than that of human saliva Amyl 
jj? ffsjirjr but 

pepsin and lipase are present The normal 
gastnc emptying time in tlie pig is pro* 
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longed and it requires a fast of many hours 
to empty the stomach completely As a 
result digestion and absorption are almost 
continuous processes (Link 1953a) 
Neimeier (1941) studied gastrointestinal 
motility m pigs with the aid of a radio 
opaque contrast medium and roentgen 
rays The duodenum is very active for the 
first hour after feeding after which the 
region becomes less active for about 30 
minutes and then becomes quite active 
once more Ingesta quickly reach the 
jejunum which rapidly fills but the pas 
sage of food through the jejunum is much 
slower than through the duodenum Ap- 
proximately l]4 to 2 hours after feeding 
the jejunum shows definite motor activity 
and within 6 to 10 hours it is empty The 
jejunum shows a varied type of motility 
including pendular movements rhythmic 
segmentations to and fro mo\ements of the 
entire jejunal contents and large and small 
peristaltic waves The ileum exhibits an 
irregular motility At times the ileocecal 
sphincter closes and stops the ingesta but 
at other times the ingesta pass freely into 
the colon In most instances the matenal 
enters the cecum but occasionally the 
colon receives the material before it enters 
the cecum Cecal motility diminishes 6 to 
8 hours after feeding approximately 14 to 
16 hours after feeding, halls of feces begin 
to leave the colon 

The type of motility of the colon can be 
associated with its peculiar anatomical ar 
rangement (Trautmann and Asher 1940) 
The spiral portion shows pendular bend 
mg and tonic contractions in its indiiidual 
segments while the terminal portion shows 
only peristaltic waves Antiperistaluc 
waves appear to be absent from the colon 

RENAL SYSTEM 

Ellenberger and Scheunert (1925) state 
that the aicrage daily volume of urine ex 
creied by adult pigs is 4 liters with a range 
of 2 to 6 liters In more recent studies on 
boars Green (1914) found that the amount 
of urine excreted oier a 48 hour period 
may shou iMde lanations In a total of 
486 samples collected from 18 boars there 
tscre 58 instances m tshicli no urine tvas 


collected during a 48 hour interval On the 
other hand up to 15 600 ml of unne were 
collected in some cases The average ex 
cretion for 48 hours was 4 287 ml Signif 
leant variations were found in different 
lines of pigs 

Grace et al (1951) experimentally pro 
duced uremia in pigs by ligating both 
ureters This resulted in an increased 
blood concentration of nonprotem nitro 
gen urea nitrogen uric acid creatinine 
and allantom The increase in uric aad 
was more pronounced in younger pigs 
than older indicating that the former may 
not as yet have become adapted to coniert 
uric acid to allantom 
Tlie average specific gravity of urine 
from swine is 1 012 ivith a range of 1 010 
to 1 050 (Ellenberger and Scheunert 
1925) 

MILK AND MILK PRODUCTION 
Compesilien of Milk 
Chemical composition Hughes and 
Hart (1935) reviewed the literature on the 
composition of sows milk and calculated 
a mean value of 18 2 per cent for total 
solids In studies of their oun on two sons 
they obtained i allies for colostrum at par 
turition of 31 9 per cent total solids 16 64 
per cent protein and 0 61 per cent ash 
For normal milk the values were 17 76 per 
cent total solids 6 34 per cent protein and 
0 96 per cent ash In general these \alues 
are in good agreement with those reported 
more recently by Heidebredit et al 
(1951) on a larger series of animals ex 
cept that these norkers found an average 
of approximately 20 per cent for total 
solids Sows milk contains an average of 
958 per cent fat and 4 62 per cent lactose 
although the fat content may show con 
siderable daily variation (Perrin 19al) 
Unlike the situation in most domestic ani 
mals tlie per cent of ash m sou s colos 
trum is lower than that in normal milk 
However, as lactation progresses tlicrc u 
a gradual rise m die content of ash (Per 
rin 19aS) 

An) critical studies on the composition 
of milk must take into account the effect 
of tlie plane of nutntion and the stage of 



62 


Section I ANATOMY AND PHYSIOIOGY 


lactation This was indicated by the work 
of Bowland et al (1949b), who studied 
and compared the composition of milk 
from sows on pasture with those on dry 
lot feeding The results of this stud) are 
given in Table 3 1 These workers found 
that on the third day of lactation there is 
a sudden rise in the fat content of milk 
This apparently is the result of the sow's 
converting body fat into milk at a very 
rapid rate after farrowing The protein 
content of milk tends to decline up to the 
third week after farrowing at which time 
it begins a gradual rise The values ob 
tamed by Bowland et al (1949b) are m 
good agreement with those reported earlier 
by Braude et al (1947) and m a more 
recent study by Barber et al (1955) 
Vitamin content. The vitamin A level 
of sow s colostrum and early milk follows 
a different pattern than that of the cow 
(Bowland et al , 1949a) In the cow the 
vitamin A content shows a rapid fall dur 
ing the first three milkings and reaches a 
normal range by the fourth or fifth day 
In the sow the vitamin A level is still 
nearly double that of normal milk at the 
end of the first week of lactation In sows 
on pasture the vitamin A level for first 
and third day colostrum averages 143 6 
fig per 100 ml Colostrum from sows on 
pasture compared to those on dry lot shows 
little difference in vitamin A content, but 
the vitamin level m normal milk of pas 
tured animals is nearly 50 per cent higher 
than those on dry feed Those on pasture 
average 52 7 fig of vitamin A per 100 ml 
of milk uhiJe those on dry feed show an 


average of 34 8 ^g per 100 ml (Bowland 
et al , 1949a) 

The Vitamin C level of sow's milk is 
considerably higher than that of many 
other animals Bowland et al (1949a) 
found levels of 18 8 mg per 100 ml in 
colostrum and 10 4 mg per 100 ml for 
normal milk of sows on pasture Sows on 
dry lot feeding showed values of 24 6 mg 
per 100 ml and 12 2 mg per 100 ml re 
spectively Holmes et al (1943) reported 
average values of 2 18-2 69 mg of vitamin 
C per 100 ml of cow’s milk 

Davis et al (1951) obtained the follov\ 
ing average values (given in per ml ) 
for certain members of the vitamin B 
group m sow’s colostrum thiamine 0 6 
riboflavin 5 0, niacin 1 7, and pantothenic 
acid 0 7 The thiamine content of normal 
milk does not differ appreciably from that 
m colostrum, but the riboflavin content is 
lower and the niacm and pantothenic and 
levels are higher 

Milk Production 

Milk yield. In studies on a group of 
Lai^e White pigs Barber et al (1955) 
found that the average daily yield of milk 
was 13 71 lbs (range 116-15 7 lb) In 
this study the milk yield was computed 
by weighing pigs before and after sudJing 
The pigs were allowed to nurse at hourly 
intervals, since under natural conditions 
this is the average interval between nurs 
mgs When suckling is permitted at hourly 
intervals, the daily milk yield is consider 
ably greater than when it is allowed onl) 
e\ery two to three hours 


TABLE 3 I 

Average CoMPOsmow of A boc From Sows ok Pasture and Drt Lot Feeding* 


Total solids per cent 
Solids not fat per cent 
Protein, per cent 
Lactose, per cent 
Ash, per cent 


1 Pasture Sows ^ 

j Dry Lot Sows 

first Day 

Later 

First Day 

Later 

&Iostrum 

Milk 

Colostrum 

Milk 

22 81 

19 47 

22 81 

20 69 

15 92 

13 16 

17 21 

13 38 

11 25 

7 09 

14 29 

7 42 

2 89 

5 18 

3 42 

5 08 

0 72 

0 99 

0 73 

0 98 


TakcnfromdataofBowlandUa/ (1949b) 
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The peak yield of milk is reached be 
tween the second and fourth iveeks of 
lactation (Barber c/ < 1 /, 1955) During the 
first four weeks of lactation pigs probably 
obtain milk every time they suckle when 
this IS permitted at hourly intervals In 
later stages of lactation the pigs may not 
obtain milk at each nursing 

IVlilk ejection Sows will not voluntar 
ily eject milk in response to any stimulus 
other than that provided by the sudehng 
of pigs Supposedly the nursing process sets 
up a neural stimulus whicli initiates the 
release of oxytocin by the posterior pituj 
tary gland The hormone is carried m the 
blood stream to the mammary gland where 
It produces a let down of milk by causing 
contraction of the myoepithelial cells 
around the alveoli It is possible to hand 
milk or machine milk sows i£ oxytocin is 
first injected (Braude and Mitchell 1952) 
The amount of milk obtained after injec 
tion of oxytoan depends upon the dose of 
the hormone employed (Braude and 
Mitchell 1950) A dose of 10 International 
Units (I U ) results in the ejection of ap 
proximately 104 ml of milk from a single 
mammary gland The injection of 1 I U 
produces a flow of 41 ml which is approxi 
mately equivalent to the amount of milk 
obtained from a single gland by a pig at 
a natural nursing 

In addition to the effect of oxytoan 
other hormones or chemicals may have a 
marked effect on milk flow in the sow 
The injection of acetylcholine results m 
a let down of milk It is probable that 
this IS a result of the direct action of 
acetylcholine on the mammary gland al 
though the possibility of its acting through 
the pituitary gland has not been completely 
eliminated (Whittlestone and Turner 
1952) Epinephrine has an inhibitory ef 
feet on milk flow (Braude and Mitdiell 
1932 Whmlestone 1954) The injection 
of 0 2 mg of epinephrine immediately be 
fore administration of 0 5 I U of oxytocin 
i\ill suppress the nse in intramammaty 
pressure and the subsequent milk flow pro- 
duced b) tlie latter hormone (^\^nttIe 
stone 19 j4) 


Suckling Behavior of Pigs 

Barber (1955) studied the suckling 
behavior of pigs and found that under 
natural conditions the time between sue 
cessive nursing periods was 60 to 75 mm 
utes The first phase of each suckling 
period IS characterized by the pig s vigorous 
nosing of the udder as soon as the sow 
assumes a nursing position The length of 
this phase increases as pigs get older and 
this may mean that the secretion of the let 
down hormone from the posterior pitui 
tary is delayed as lactation advances Dur 
mg the second phase of nursing the pigs 
suddenly become quiet and at this time 
they obtain milk The average time during 
which milk ejection occurs was found to 
be 18 5 seconds During the first part of 
lactation pigs may show considerable 
fighting for individual teats but gradually 
they assume a set position so that usually 
by the end of the first week of lactation the 
two anterior teats and the two posterior 
teats are suckled by the same pigs Later 
on (usually by two weeks) the middle 
teats are occupied at each nursing by the 
same pigs Pigs seem to show a preference 
for the anterior teats and in general these 
teats yield the most milk 

REPRODUCTIVE SYSTEM 
Reproductive System in the Female 
Estrous cycle The sow is a polyestrus 
animal with breeding cjcles continuous 
over the entire year The length and cliar 
acier of the estrous cycle has not been 
studied as extensively in sows as in many 
other domestic animals and critical in 
formation on the length of various parts 
of the c)cle is lacking The mean length 
of the cycle is 21 days with a standard 
deviation of 2 5 days Barker (1951) cit 
ing earlier studies on tlie character of the 
corpus luteum divided the various stages 
of the cycle as follows Metestrus follows 
ovoilation and lasts for a period of three 
days diestnis ocaipies the period from the 
fourth until the 17th day after ovoilation 
and proesirus lasts from the I8ih day until 
oi’ttittion Lstrus occvpics a period of one 
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to five days with an average o£ two or three 
days, and ovulation occurs between S6 and 
48 hours after the onset of estrus (Pome- 
roy, 1955). 

Various studies have been conducted to 
determine the age at which puberty (i.e. 
the first heat period) occurs in gilts. Phil- 
lips and Zeller (1943) reported than in 
small-type pigs (average weight 189.5 
pounds ) the first estrus occurs at an aver- 
age of 207.8 days, while larger-type pigs 
(average weight 199.3 pounds) exhibit 
their first heat at an average of 198.7 days. 
Robertson et al. (1951) found no signifi- 
cant difference in the age at which Poland 
China gilts and Chester White gilts reached 
puberty. The average figures for the two 
breeds were 201 days and 204 days, re- 
spectively. It was observed that Poland 
China gilts were sigiiificantly heavier (av- 
erage weight 224 pounds) than Chester 
White gilts ( average weight 212 pounds) 
at puberty. The season at which pigs are 
born may influence the age at which they 
reach puberty. Gilts born in the spring 
(i.e. the natural farrowing season) are 
slower to reach sexual maturity than those 
born at other seasons (Wiggins et al., 
1950; Robertson et al, 1951). 

There is considerable disagreement con- 
cerning the incidence of postpartum estrus 
in pig?. Smith (1937) and Hart (1949) 
state that sows may show estrus a fciv days, 
usually the third, after f.'irrowing. On the 
other hand, Asdell (1946) indicates that 
sows do not usually come into heat until 
after the end of lactation. l\^arnick et al 
(1950) studied a group of 3G sows starting 
immediately after farrowing and found 
that 18 of them showed a heat period be- 
tween one and five days after parturition. 
Only two of tlte animals ovulated, and 
since these were die only sows in the group 
which did not nurse their pigs, it appeared 
that suckling might inhibit oviihition. 
However, subsequent obscn,-ations by War- 
nich et al (1950) and by Baker et al 
(1953) failed to indicate any such effect. 
The latter gtottp of workers studied 29 
sows and reported that 17 of them showed 


heat between the first and third days after 
farrowing. None of the sows conceived and 
it was concluded that ovulation does not 
ordinarily occur at the postpartum heat. 
Warnickefflh (1950) believe that an extra- 
ovarian source of estrogen is probably re- 
sponsible for the postpartum heat since 
tlie ovaries of sows at this time do not 
contain follicles large enough to be a 
source of much estrogen. Estrus can be 
rather consistently induced in sows by the 
injection of 700 to 1,500 International 
Units of equine (serum) gonadotropin be- 
tween the 39th and 65th days of lactation 
(Cole and Hughes, 1946) . 

Ovarian changes. Immediately after 
ovulation only small ovarian follicles are 
found. These gradually enlarge and by the 
time of proestrus reach a size of approxi- 
mately 4^ mm. in diameter. During pro- 
estrus the follicles grow to a size of 8-12 
mm. and by the time of estrus there are 
15 to 40 large follicles present, most of 
which rupture at the time of ovulation. 
Casida (1935) determined that follicles 
first appear on the ovary when gilts have 
reached an age of approximately 80 pounds 
and are 15 to 16 weeks old. This would 
place die appearance of follicles about mid- 
way between birth and the onset of the 
first heat period. The estrogen content of 
large Graafian follicles is approximately 
900 Rat Units (R.U.) per kilogram of 
liquor folliculi (Allen and Doisy, 1927). 
On the basis of cytochemical studies Barker 
(1951) concluded that the cells of the 
theca interna of follicles are the site of 
production of ovarian steroid hormones, 
presumably estrogen. 

Hemorrhage rarely occurs into the cavity 
of a ruptured Graafian follicle. The cor- 
pora lutea arc pinkish when fully de- 
veloped bitt become yellowish as degenera- 
tion occurs. A detailed description of die 
formation and development of die corpus 
lutcum in sow is found in the report of 
Comer (1919). Studies by.Kimura and 
Cornwell (1938) have shown tliat during 
the first diree days following oi’ulation 
die corpora lutea contain large amoiinu 
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of progesterone The level of the hormone 
rises until 15 da)s after ovnihtion at which 
time retrogression of the corpora lutea oc 
curs and the progesterone content falls 
rapidly If pregnancy occurs, the hormone 
content continues to rise sharply until the 
20th day, and the level remains high or 
may nse further until approximately the 
I05th day of pregnancy, after which it 
falls rapidly The phospholipid content of 
the corpus liiteum varies directly with the 
activity of the gland (Bloor el al , 1930) 
From the fifth to the tenth day of the es 
trual c)cle there is a marked increase in 
phospholipid content During the period 
of active function of the corpus luteum 
(tenth to fourteenth day) the level re 
mains high but does not show a further 
increase and from the fourteenth to seven 
teenth day there is a rapid decrease in 
phospholipid content 
Uterine and vaginal changes The epi 
thelium of the sow s uterus is a simple 
columnar t>pe At the lime of proestrus it 
has grown to a tall columnar, and pseudo 
stratified type which persists for about one 
week of the next qde At diestrus vacuo 
lar degeneration occurs and the epithelium 
18 reduced again to a low columnar type 
During estrus the uterine muscle shows 
marked spontaneous activity Adams 
(1940) found that the myometrium of the 
sow responds to pituitnn with contrac 
tions and to epinephrine with relaxation 
during all stages of the estrus cycle 
The epithelium of the vagina reaches its 
greatest tliickness at estrus At this time 
there is a marked leukocytic infiltration of 
the mucous membrane, and leukocytes ap 
pear in the discharge during late estrus 
and early metestrus There is no actual 
comificaiion of the vaginal epithelium 
which begins to desquamate during estrus 
and reaches its lowest point of develop- 
ment during metestrus At the time of 
estrus the vulva is swollen pinkish in 
color, and its membranes are quite moist 
In late estrus and early metestrus a whitish 
discharge (sometimes referred to as the 
whites ) containing mucus and large 


numbers of leukocytes frequently collects 
on the vulva 

Ovarian and pituitary hormones Estro 
genic substances are found in unne at a 
level of 1 000 to 3,000 Mouse Units (M U ) 
per liter during the first 19 to 30 days of 
pregnancy They then fall to a low level 
or disappear entirely until about the 70th 
day, when they reappear Following this 
they rise to a level of 5,000 to 10 000 M U 
per liter just before parturition After 
parturition they disappear rapidly (Roth 
et al, 1941) 

West and Fevold (1940) studied the 
gonadotropic hormone content of the pitui 
tary glands of various species of animals 
Sheep pituitary glands were found to con 
tain the largest amount of leutemizing 
hormone (LH) and cattle pituitaries the 
least Pituitanes from swine showed great 
variation in LH content but in all in 
stan^ the content was less tlian in sheep 
The hog pituitary contains larger amounts 
of follicle stimulating liormone than that 
of either the sheep or cow Assays of pi 
tuitary glands from female pigs indicate 
that the gonadotropic hormone level is 
lowest during the period of estrus and re 
mams low until tlie eighth day of the cycle 
when It suddenly increases and remains 
high until the 21st day (Robinson and 
Nalbandov, 1951) There is a direct cor 
relation between the nse or fall in the 
gonadotropic hormone content of the pitui 
tary and the nse or fall in the number but 
not in the size of ovarian follicles Smith 
and Dortzbach (1929) determined that 
gonadotropic substances first make their 
appearance in the pituitary of pig fetuses 
when they reach a crown rump length of 
17-18 cm, but significant amounts are 
present only after the fetuses reacli the 20- 
21 cm stage 

During the follicular phase of the estrus 
cycle no relaxin is found in the o\ary of 
the gilt or sow, but during the luteal 
phase the content increases to 2^5 0 
Guinea Pig Units (GPU) per gram of 
tissue During pregnancy the amount in 
creases rapidly and readies a maximal 
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concentration of about 30,000 GPU per 
gram by the time the fetuses reach a 
length of 12 5-15 0 cm The blood of the 
sow at mid pregnancy contains 2 0 G P U 
of relaxin per ml while the placenta con 
tains 0 5-2 5 G P U per gram The lack of 
relaxin in the follicular fluid and ovary 
of the sow in proestrus indicates that the 
corpora Jutea are important in the forma 
tion of the substance (Hisaw and Zarrow, 
1948) Injection of 5,000-9.000 G P U of 
relaxin three times daily for 4 days in 
gilts which have previously been given di 
ethylstilbestrol (5 mg daily for 7 to 10 
days) results in a dilatation of the cervical 
canal and an edema of the vulva Associ 
ated iwth these changes the tissues of the 
cervix, \'ul\a, and uterus show an increased 
water content (Zarrow et aJ, 1954) 
Pregnancy Early observations (Ander 
son, 1927) indicated that ova remain in 
the Fallopian tubes for a period of 3 days 
before migrating to the uterus, but more 
recent work by Pomeroy (1955) shows 
that tliey reach the uterus within 48 to 72 
hours Wanvick (1926) demonstrated that 
intrauterine migration of ova takes place 
frequently m the sow and ordinarily the 
number of fetuses tends to become equal 
ized in the two horns when there is un 
equal production of ova on the two sides 
The length of gestation vanes somewhat 
with the breed of sow, and more work is 
needed to establish critical times for the 
aanous breeds In general, the average 
gestation period is 113 days with a range 
of 110 to 116 days These figures are in 
good agreement with the findings of 
Braude et al (1955) , who studied a herd 
of Large White pigs over a 16 year period 
and found an average gestation period of 
114 days with a range of 109 to 120 days 
No difference was observed m the length 
of the period for gilts or sows Later studies 
by Perry (1956) on Large White pigs in 
dicate an as'erage period of 114 17 dajs 
and a range of 104 to 126 days for this 
breed These studies indicated that there 
IS no direct relationship between the size 
of the Utter or tlie age of the soiv to the 


lengtli of the gestation penod Although 
the sex of the fetus influences the length of 
pregnancy in some animals, this does not 
appear to be the case in pigs (McKeown 
and MacMahon, 1956) In the cow and 
horse, and possibly in the sheep and camel 
pregnancy is longer for male fetuses than 
for females, while the reverse is true for 
man and the guinea pig Data collected 
for the pig indicate that the mean dura 
tion of pregnancy for litters ivith a major 
ity of males is 114 6 days, while for litters 
with a majority of females the average time 
IS 114 0 days 

According to Warnick et al (1951), 
there is a steady rise in the number of eggs 
oimlated with each succeeding heat period 
from the first to the fourth heat, and gilts 
conceiving at the third heat farrow an 
average of 1 4 more pigs than those at the 
first heat These observations have been 
confirmed by others (Stewart, 1945 Ro 
bertson et al , 3953, Braude et al , 1955) 

Placenta The placenta of the pig is the 
diffuse, epitheliochorial type In this type 
the fetal membranes are in simple apposi 
tion with the maternal uterus and the fetal 
and maternal bloods are separated by six 
layers of tissue These are the fetal capil 
lary endothelium connective tissue, al 
lanto chorionic epithelium (trophoblasi) , 
uterine epithelium, connective tissue, and 
uterine capillary endothelium 

Parturition Perry (1954) studied the 
act of parturition in sows and described the 
following sequence of events The ends 
of the diononic sacs rupture early in the 
process, and this is followed by release of 
fetuses from the membranes and their free 
passage along the course of the uterine 
horns During the passage the fetuses re 
tain their placental connection through 
the very extensible umbilical cord The 
ruptured membranes remain in close con 
tact with the endometrium and ser\e to 
lubricate the canal for the fetuses 

Stillbirths Asdell and Willman (1911) 
reported that the percentage of stillborn 
pigs in a herd studied over a 5 year period 
was 6 6 per cent They found that the oc 
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currence o£ large litters and advancing age 
in so^vs were both associated tvith an in- 
creased birth mortality. Spring farrowings 
had nearly ttvice the mortality of fall far- 
rowings. Many of the stillborn pigs showed 
the presence of disproportionate organ 
weights or some pathological change. In a 
later study Perry (1956) stated that there 
is tendency for litters that contain either 
more or less than the average number of 
pigs to have a higher per cent of stillbirths. 
The lowest number of stillbirths was 
found in litters of 11 or 12. 

Reproductive System in the Male 

Sexual development. Spermatozoa first 
appear in testicular tubules of pigs when 
the animals are 20 weeks old. At 25 weeks 
of age all boars show the presence of sperm. 
The testicles increase slightly in weight be- 
tween 10 and 17 weeks of age and then 
undergo a rapid growth during the 17th 
and 20th weeks. Between the 20th and 40th 
weeks there is a fairly constant growth of 
the testicles. In relation to body weight 
the testes increase slowly in size until body 
weight reaches 80 to 85 pounds; beyond 
this point the increase in weight of the 
testes is more rapid. No important differ- 
ences are found in the sexual development 
of the large- or small-type male pig (Phil- 
lips and Zeller, 1943) . 

Testicular hormones. The cryptorchid 
testicle in the pig contains only about one- 
half as much androgenic hormone as the 
scrotal testicle. Hanes and Hooker (1937) 
reported that scrotal testicles contain one 
Bird-Unit of hormone in each 27 to 38.7 
gm of tissue while cryptorchid testicles 
contain one Bird-Unit in each 53.5 to 86-7 
gm. Androgens which can be assayed by 
the usual capon comb growth technic and 
by colorimetric methods have been found 
in the urine of boars In 48-hour urine 
samples Green et al. (1942) found an 
a\erage total amount of 3 017 mg. andro- 
sterone equivalent. 

Physical characteristics of semen. A 
general discussion of the physical and 
chemical characteristics of semen is found 


in the monographs of Anderson (1945) 
and Mann (1954a) . No attempt will be 
made here to discuss the problem of arti- 
ficial insemination, but a detailed account 
may be found in the review by Perry 
(1952) . 

The physical characteristics of boar se- 
men differ in several ways from that of the 
ram or bull (Glover and Mann, 1954) 
(I) The volume of boar semen per ejacu- 
late is much greater than for the other 
two species. (2) The concentration of 
sperm in boar semen is very low, and the 
bulk of the ejaculate is composed, not of 
sperm, but of accessory gland secretions 
(3) Boar semen contains a gelatinous ma- 
terial which may represent more than one- 
half the total ejaculate. 

The volume of a single ejaculate from 
boars ranges from 150 to 500 ml, with the 
most common value being 250 ml (Mann, 
1954a) . In rams the average volume of a 
single ejaculate is 1.0 ml and for bulls 
4.0 ml. In a study on a group of eight 
Large White boars Wallace (1949) found 
that the mean total volume of samples col- 
lected weekly over a 32-week period varied 
from 134 d: 78 ml. to 439 ± 85 ml. It was 
concluded that weekly collections over a 
long period of time are not likely to re- 
sult in a reduced semen volume in normal 
boars. Vasectomy does not influence the 
volume of semen but castration results in 
an immediate decrease. The subaitaneous 
implantation of diethylstilbestrol tablets in 
young boars (2 to 16 weeks old) results 
in a semen volume which remains con- 
sistently below normal, but when the es- 
trogen IS discontinued, the \olume rises to 
a normal level (^Vallace, 1949). 

The average concentration of sperm in 
boar semen is 100,000 per cu. mm with a 
range of 25,000 to 300,000 (Mann, 1954a). 
Tlib is a ^ery low concentration compared 
to that found in the bull (a\erage 1,000,- 
000 per cu. mm.) and the ram (average 
3,000,000 per cu. mm.). Comparatively lit- 
tle is known about the morphology of boir 
sperm, but they can be readily distin- 
guished from those of otiicr animals b) 
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the rather corpulent appearance of the 
head (Glover, 1955). Under storage con- 
ditions in vitro boar sperm fail to survive 
as ^vell as bull or ram sperm (Glover and 
Mann, 1954). 

The gel portion of semen is primarily a 
product of Cowper’s glands and forms a 
fairly constant proportion of the ejaculate. 
Johari (1956) found that the gel fraction 
of boar semen makes up approximately 30 
to 40 per cent of an ejaculate, the other 
60 to 70 per cent being composed of the 
liquid portion. After vasectomy the gel 
content may be somewhat higher and fol- 
lowing administration of diethylstilbestrol 
the consistency may change to a syrupy 
character (^Vallace, 1949). 

Chemical composition of semen. The 
chemical composition of boar semen shows 
a relatively high content of citric add. 
ergothioneine, and inositol, and a com- 
paratively low concentration of fructose 
(Glover and Mann, 1954) . 

Citric acid, which is formed by the 
seminal vesides and prostate gland, may 
play some role in gel formation (Glover 
and Mann, 1954) and may also be con- 
cerned with maintaining the osmotic pres- 
sure of semen (Mann, 1954b). There is a 
direct relationship between the formation 
of citric acid in the male accessory organs 
j.vd she ^sJyjS}' sessjevlax Avdrr^.v. 
Following castration citric acid gradually 
disappears from the accessory gland secre- 
tions but reappears following the injection 
of testosterone (Humphrey and Mann, 
1948; Mann, 1954a). The average concen- 
tration of citric acid in boar semen is 
141 mg. per 100 ml.; in the horse, ram, and 
bull the concentration is 50, 137, and 750 
mg. per 100 ml., respectively (Mann, 
1954a). 

Fructose can be utilized by sperm as a 
source of metabolic energy for motility 
(Glover and Mann, 1954) . The bull and 
goat show a very high concentration of 
fructose (average 1,000 mg. per 100 ml.) 
while in boar and stallion semen the aver- 
age content is only 50 mg. per 100 ml. 

Ergoihioncinc is capable of maintaining 
intact the suiniydr)! S^^ups in sperm in 


a reduced form and may thus function in 
preventing the loss of motility which would 
result from oxidation of the sulfhydryl 
groups (Glover and Mann, 1954). Ei^o- 
thioneine is formed in the seminal vesicles 
and is found in boar semen in an excep- 
tionally high concentration. Glover and 
Mann (1954) found tliat the average con- 
centration in semen collected from a Large 
White boar was 13.49 rag. per JOo ml. 
Mann (1954a) states that the average con- 
centration for boars is 17 mg. per IQO ml. 
of semen. 

The concentration of inositol found in 
the seminal secretions of the boar greatly 
exceeds the amounts hitherto recorded for 
any other material of plant or animal ori- 
gin (Mann, 1951). Inositol probably plays 
an important part in maintaining the os- 
motic pressure of semen (Glover and 
Mann, 1954). 

The concentration of the various organic 
and inorganic components of semen from 
several domestic animals is given in Table 
3.2. 

Semen fractions. In the boar, ejacula- 
tion is a prolonged process, lasting up to 
five to ten minutes, and the ejaculate may 
be divided into three major fractions (Glo- 
ver and Mann, 1954; Glover, 1955). These 
have been designated as the "pre-sperm*\ 
j.vd //ac- 

tions. Collectively, these make up a com- 
plete ejaculatory "wave," and this m^y be 
succeeded by a second wave, also fra<;tion- 
ated. The chemical and physical cl^arac- 
tcristics of the various fractions are sljown 
in Table 3.3 and Figure 3.1. 

The pre-sperm fraction of the fint wave 
is often yellowish in color, probably due 
to the presence of urine. The boar has a 
lai^e preputial poudi whicli often contains 
stale urine. Tin's fraction is cjaculateil 
during the first minute or so and is free 
from gel and contains only a very few 
sperm (Glover and Mann, 1954). 

Tlie sperm-containing fraction is ejac- 
ulated next in the course of the second or 
lliird minute. It contains the bulk of the 
sperm, but only a little gel. In appearance 
it is a thick, creamy fluid. 
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The post-sperm fraction ma> be subdi* 
\idcd into a post-sperm fluid fraction and 
a post sperm gel fraction. The gel is 
thought to seal the cerviK of the sow and 
pre\ent a backflow of semen. 

Sperm transport. The obscr^’ations of 
Mann et al. (1956) indicate tliat in the 
sow the sperm and seminal fluid readi die 
uterotubal junction at about the same 
time, shortly after mating’. These insesti- 
gaiors performed a laparotomy on a gilt 
^0 minutes after breeding and found that 
at this time the uterus presented a turgid 
appearance and showed peristalijc waves 
traseling upward in both horns Only a 
fe\s’ sperm and no seminal fluid w'as found 
in the Fallopian lubes, but the rest of die 


reproductive tract contained sperm, semi- 
nal fluid, and seminal gel. In recent years 
there is more evidence that there are other 
important factors apart from inherent 
sperm motility which facilitate sperm 
transport in the female reproductive tract 
It has been observed dial even dead sperm 
may rapidly reach the Fallopian tubes The 
evidence suggests that the transport of 
sperm js made possible not so much by the 
sperm's inherent motility as by contrac- 
tions of the uterus, probably elicited by 
die release of oxytocin at the time of coi- 
tus (Mann et al., 1956) . Rowson (1955) 
determined that m the cow it required ap 
proximately five minutes for a radio 
opaque oil to reacli the up of tlie uterine 


TABLE 3 2 

SpEOES DIFFERENCEI tS THE ClIEMICAt. COMPCSTTION OP SEMEN* 



Man 

BuU 

Ram 

Boar 

StaUios 

Dry weight i 

8,200 

9,530 

14,820 

4.600 

2,450 

(5,600-10,900) 


(2,200-6,200) 


Chlonde . 

155 

371 

87 

328 

264 

(100-203) 

(309-433) 

103 

(258-428) 

(86-443) 

Sodmm.. 

281 

109 

646 

68 

(240-319) 

(57-201) 

71 

(280-837) 

62 

Potassium 

89 

288 

243 

(66-107) 

(150-115) 


(83-382) 

20 

Calcium 

25 

34 

9 

5 

(21-28) 

(24-45) 


(2-6) 


Magnesium . 

14 

12 

3 

11 

(5-14) 

3 

Inorganic phosphorus 
Total nitrogen 

11 

913 

756 

12 

875 

613 

167 

(560-1,225) 

48 

57 1 

(334-/65^ 

55 

Non-protein nitrogen 

75 




44 



Urea 

72 





6 

6 

6 

3 



2 



12 

15 

Fructose 

224 



(91-520) 

(280-770) 

36 

(5-25) 

(9^5) 

Lactic acid 

35 

29 



, (20-50) 

(15-43) 

137 

141 

(41-325) 

50 

(30-110) 

Citnc acid 

376 

(96-1 ,430) 

(340-1,150) 

Total phosphorus 

112 

82 

33 

357 

171 

66 

24 

19 

phosphorus 

57 




29 

16 



Lipid phosphorus 
COj-content 

41-60 

16 

50 

24 


• Route arc average valuo (range m bracken) eapicnied in mg /lOO ml except for CO, eon- 
tent (ml /lOO ml ) 

From Mann (1954a) 






FIG. 3.1— Typleol «loc«late from the beer, showjnj frocfioni token ot holf*mInute Intervali, 
KlwiffofJng the volume, iperm, frucfoie, and ergofhlonelne content*. It moy be noted thof 
in the Tint wove the sperm content reochet it* peok {uil before fructose ond ergothlonein* 
ai emphotized by the arrows, but thot there Is conslderoble mixing of these frocllons (n 
the final eiaculaie. (Glover, 1955.) 


horn. After injection of oxjiodn it re* 
quired onl) tsso minutes for tlic oi! to 
tra\crsc the 5.ime disuncc. In these ex- 
periments it ss'as concluded that the ascent 
of the oil through the rcprodiictisc tract 
tsas due to mechanical factors. 

ENDOCRINE SYSTEM 
Adrenal Gland 

A variety of steroids liasc Iktcu isolates! 
from the adrenal cortex rjf pip (Dobrincr 
rt al , 195 1) • 'I hese include hjxirocortisonc, 
cortivone. ftnticostcronc, anti ! Nlclisdro- 
corticostcfonc. 

Ilniggrmann ft al. (1955) cniplosctl llie 
Icxcl of ITAetostrroids in urine as a meas- 
mc of aiJrcftal corliral function and 
found that ascrai’c exaction for \oung 
fctnalc pi?' or castratfs! males s»'as 5*) mg. 
jxrr clas. 


Anterior Pituitary 

T/ic anterior pffuirarj'of pigs from hn- 
grossing lines contains significantly more 
growth hormone per unit of tissue than 
docs the s.imc amount of tissue from slow* 
grosNing lines (Ilairsl el al., 1952). Re- 
|»cated d.iily doses of purified gross'th hor- 
mone to pigs result in .i highly significant 
inacasc in the efficiency of food utilirailon 
(Tunitan and Andrcs>s. 1955). 'I’rcatcsl 
pigs show a h)j»crgljcemia. and ihcir car- 
cass contains significantlj more jirotcin ai'd 
moisture anti less fat than tliai of untrcatrsl 
animals. 

*nie anterior pituitary of gilts shnsrs a 
progressisrl) greater rontrut of thytottoph 
iiomionc uj» to the lime the aninatt rcaih 
a vseighi of apj>roximatclf 300 pound* a** J 
an age of 2tVJ slasi, (lilts 52 slass old (t'O-l* 
weight 51 jrvif-d*) sIkjw an asetage 







72 


Section 1 ANATOMY AND PHYSIOLOGY 


44 Chick Units oE thyrotropic hormone per 
gram of fresh anterior pituitary tissue, 
while at 260 da)'S of age the hormone con- 
tent has increased to 70 Chick Units per 
gram. Following this there is a gradual 
decrease so that at 436 days of age (body 
weight 520 pounds) the anterior pituitary 
contains 33 Chick Units of thyrotropic hor- 
mone per gram. Pigs of rapidly growing 
lines show a much higher level of the hor- 
mone in the pituitary gland than slow 
growing animals (Elijah and Turner, 
1942). 

Thyroid Gfand 

Iodine may first be detected in the thy- 
roid gland of the fetal pig when the crown- 
rump length of the animal reaches 7-8 cm., 
corresponding to a fetal age of 46-50 days. 
At this time all of the iodine is in a •water- 
soluble (inorganic) form. IVhen the fetus 
reaches a crown-rump measurement of 8-9 
cm. (age 52 days), th)TOxine and dl- 
iodoliyosine may be found in the thyroid 
(Rankin, 1911). 

There have been extensive trials on the 
use of various agents (e.g., thiourea, thio- 
uracil) to depress thjToid activity in the 
pig and thereby hasten fattening. No at- 
tempt will be made to disctiss the problem 
here, but a general review of the subject is 
found in Uie report of Blaxtcr et al. 
(1919). 

METABOLISM 
Carbohydrate Metabolism 

Baby pigs appear to be highly susceptible 
to the development of an aaiie hypogly- 
cemia immediately after birth, leading to 
ihc clinical syndrome known as “baby-pig 
disease” (Sampson cl nl., 1912). If pigs 
arc fasted during the first 12 to 21 hours 
after birth, a severe h^-pogljcemia develops 
rapidly whereas they arc more refractor)- 
to fasting at 120 to i-lO hours of age, al- 
though the entire first week of life consti- 
tutes a critical fjcriod (Ilan3w.all and 
Sampson. 1917). Some ha\c jKJsiulaicd 
that the regulatory mechanisms for glu- 
conco"cncsis arc not ucll ticsclopcd in s-erj* 
louns°piss (Sampson tl nl., 1912). Sc.wal 
studies indtete dial glucose is piobaljly 


the only sugar which can be readily utilized 
by nesvbom pigs (Newton and Sampson, 
1951; Becker et al., 1954). When sucrose 
is used as the source of carbohydrate for 
baby pigs, the animals fail to show weight 
gains, develop diarrhea, and may die. Ap- 
parently newborn pigs lack the ability to 
h)'drol)'ze the glycosidic bond of sucrose. 
In older mammals an intestinal sucrase 
brings this about. Sampson and Graham 
(1943) produced an experimental hypo- 
glycemia in young pigs by the injection of 
insulin and found that if the animals were 
maintairied in this state for more than 4 
hours, they often failed to respond to even 
large doses of glucose. Pigs weighing 20 
pounds which w-ere fasted for 24 hours 
and then given 40 units of insulin often 
developed total blindness associated witli 
a marked hypoglycemia and coma. 

The form of the glucose tolerance cur\’e 
obtained in pigs after intravenous adm^n^^ 
tration closely parallels that seen in normal 
humans (Hanawalt et al., 1947) . Although 
the horse, cou’, and pig show considerable 
variation in their normal blood sugar 
values, all of these animals have a similar 
renal threshold for glucose (Link, 1953b). 
In the pig the threshold varies between 
142.4 and 1G9 mg. of glucose per 100 ml. 
of blood (Fig. 3.2) . 

Fat Metabolism 

Pigs on a fat-deficient diet show a v.irtety 
of deficicnc)' signs, including alopecia, a 
scaly, dandruff-like dcrm.'iiitis of the tail, 
back, and shoulders, and necrotic areas of 
skin around the neck and shoulders (^Viu 
and Beeson, 1951). The animals show an 
inhibition of sexual development and a 
significuuly slower rate of growth than 
pigs receiving adequate amounts of fat in 
tlic diet. 

When the diet of pigs contains an ex- 
cessive amount of fuh or fish meal ihrir 
adipose tissue develops a grcy«sh->clIow 
discoloration similar to tJjat seen in "yel- 
low-fat'* disease in minks (Gorham et al., 
1931). Tlie discoloration is due to ac- 
atmuhthn of .an acid-fait pigment in die 
fat. Apparently isvo factors arc neccssar)- 
10 produce this condition: cxctrssi'e 
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FIG 3 2--RenoI glucose threshold For 8 onor>es 
thetized pigs Urine collected from bladder 
(Link, t953b) 


amounts of unsaturated glycerides and m 
adequate amounts of tocopherols in the 
diet The administration of tocopherols re 
suits m a reduction of the acid fast pig 
ment 

ENVIRONMENTAL PHYSIOLOGY 

The subject of cnMronmcntal phjsiofogy 
of farm mammals has been rc\ieucd by 
Findlay and Beakic) (1951) Much of the 
literature deals aMth problems of heat reg 
wfafion and the majority of obscn-ations 
liate been made on cattle Data on the 
pig arc scarce, but certain generalizations 
can be made for this animal 

Body Temperoturo 

The body temperature of the pig is not 
so stable as that of cattle or sheep Tins 
emphasucs the necessity of presiding the 
means for suine to control their Ixid) 
temperature under extremes of the ihcr 
mal environment (eg. shade and wat 
lowing water in hot weather and artificial 
heat in cold weather) The marked van 
alien m ihc Ixxl) temperature of normal 
pigs IS indicated bv I’ullar (1^1^), who 
stuihcil recta! tenqseraturts m a group of 
animah anil found a range of 97^- 
!(V>r®k (average I0» 15 OflS^T") 
Palmer (ini7). m vome earlier »iiu!»r» re- 


ported a much narrower range of 101 C- 
103 6° F 

It is well known that environmental 
temperature may exert a marked cfTect on 
bod) temperature of the pig In a con 
trolled experiment using a psjcliromcinc 
room Heitman and Hughes (1919) found 
that when the environmental temperature 
rose to 60-80° F the rectal temperature 
began to show i sharp increase The mag 
nitude of the diangc was greater for hcav 
ler pigs (I6G-260 pounds) thin for 
lighter animals (70-144 pounds) The 
same workers demonstrated the impornnce 
of water evaporation m controlling the 
bod) temperature of pigs \\ hen animals 
were kept in a dry room at 100° F their 
rectal temperature rose to an average of 
106 8° r and all shovved obvious signs of 
distress \Vhen water was poured on the 
floor and tlie pigs were allowed to roll in 
It the rectal temperature fell an average 
of2°F within 90 minutes 
In baby pigs the tcmpcraiurc regulating 
mechanism is not fully developed and they 
may show great fluctuations m their body 
temperature (Neuland ft a!, I9j 2) Dur 
ing the first 30 minutes after birth the 
rectal temperature may drop as much as 
3 to 13° r (Fig 3 3) The amount of ihc 
drop IS related to the size of the pig and 
the environmental temperature Small pigs 
(under 2 peundt) tn t coW enxtrounicrxi 
siiou a p,rcatcr decrease linn heavier 
animals This is to be cxjxrctcd since small 
pigs have a greater surface area in pro- 
portion to body weight and inuit tiicrc 
fore produce more heat per unit of body 
weight than heavier pigs (Newland et rt 
1918) Under severe environmental con 
ilitions tliey arc unable to do ihii. The 
initial fall in tiodv tnnpcrature is foHownI 
bv a gradual return to normal vvhicli m 
environments of 60-75° t , may lie rcachetl 
in about 2 tfavs and in environments ap- 
proaching freezirg in alMtil 10 tlavt, 
AnoUicr initTevlin" ol«crvation tonrerrnn- 
ihe tcmiieraiurc regulating meci anim of 
baby plgv n that chilling res ihi in a I rr wv 
flilunon. Thii does not ociii* in a'lh 
iwin*" and is iJ e oj j«osiip < I **fuii I» se*-n 
walh a noriialh fur<t» )''«ng irr’y-^ati r 



74 Section 1 ANATOMY AND PHYSIOLOGY 



FIG 3 3— A comparison of body 
temperature drop In pigs raised in 
warm and cold environments (New 
land et al , 1952 ) 


regulating mechanism (Newland e/ al , 
2952) 

Skin Temperature 

The environmental temperature exerts 
an important influence on the skin temp 
erature of pigs (Lee et al , 1941) When 
the air temperature is reduced from ap 
proximately 15® C to -12® C, the skin 
temperature decreases by an average of 
14® C In contrast, sheep and goats are able 
to maintain a relatively constant skm tern 
perature despite wide differences in the 
thermal environment 

Other Effects of Thermal Environment 
Feed consumption the rate of weight 
gam, and general behavior are affected by 
the environmental temperature At high 
environmental temperatures feed consump 
tion decreases Light hogs (79-144 
pounds) show the greatest gain in weight 
and the most efficient utilization of feed 
at an average environmental temperature 
of about 75® F , while for heavier hogs 
(166-260 pounds) the optimal temperature 
IS approximately 60° F (Heitman and 
Hughes 1949) At higher temperatures 
(above 80° F) pigs become depressed and 
are reluctant to move about At lower 
temperatures (below 60° F) the animals 
often lie side by side and practice “com 
munity heating ’ (Heitman and Hughes, 
1949) . 

Exposure of pigs to high environmental 
temperature results in a marked increase 
in breathing rate and a decrease in pulse 
rate (Fig 3 4) Tidwell and Fletcher 
(1951) determined that exposure of pigs 


to direct sunlight for a period of 30 mm 
uces rcsuked in an average increase in 
breathing rate of 81 per minute The effect 
of high temperatures on breathing rate 
varies with the breed and the weight of the 
pig Poland China pigs show a greater in 
crease in rate than animals of the Duroc 
breed In lighter pigs (70-144 pounds) 
high air temperature has less effect on 
breathing rate than in heavier (166-260 
pounds) pigs Animals of the heavier 
weight are unable to withstand temper 
atures much in excess of 100° F (Heitman 
and Hughes, 1949) 
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CHAPTER 4 


Swine Influenza 
(Flu, Hog Flu, Swine Flu) 


Swine influenza is an acute, infectious 
respiratory disease of swine caused by the 
bacterium Hemophilus influenzae suts and 
the swine influenza virus acting in concert 

history 

The statement that no animal except 
man acquires influenza under natural con 
ditions IS encountered frequently in the 
older medical literature However, in the 
late summer or early autumn of 1918, a 
new epizootic disease, having many clinical 
and pathological similarities to influenza, 
appeared among swine in the Middle West 
This new disease was not a sporadic and 
localized outbreak, actually millions of 
swine became ill and thousands died dur 
mg the first few months of its prevalence 
Its occurrence coincided with the greatest 
human plague of modern times — the 1918 
pandemic of influenza — which killed about 
21,000 000 of the world s people and caused 
illness in roughly twenty five times that 
many 

According to Dorset et al (1922), Dr 
J S Koen, an inspector in the Division 
Hog Cholera Control of the Bureau of 
Animal Industry, was the first to recognize 
the disease as being different from any pre- 
viously encountered He was so much im 
pressed by the coincidental prevalence of 
human influenza and by the resemblance of 
the signs and symptoms seen in man to 
those occurring at the lime in hogs that he 
^uite understandably became convinced 


that the two diseases were actually the 
same He, therefore, gave the name of “flu" 
to this new disease of hogs The opinion of 
Koen that “flu ’ represented an entirely 
new swine epizootic disease, and that swine 
had been infected in the first instance from 
man was shared by some veterinarians and 
many farmers in the Middle West (Me 
Bryde, 1927) Furthermore, the name ' hog 
flu or “swine flu" proved a generally ac 
cepted designation for the condition 
Any claim that a disease is entirely new 
usually arouses justifiable skepticism How 
ever, the contention that a disease produc 
ing agent of one species has become estab- 
lished in a new host and hence represents 
a new disease for that host does not par 
ticularly stretch ones credulity Such 
adaptations of infectious agents from one 
host to another have often been carried 
out experimentally in the laboratory, and 
there seems no reason why, under favor 
able conditions, such adaptations should 
not occur in nature The difficulty in the 
case of the influenzas of swine and man, 
when a proposal of their etiological identi 
ties was advanced, was that the causative 
agent of neither disease was known It 
was true however, as contended by Koen, 
that, allowing for certain differences be 
tween swine and man, swine and pandemic 
human influenza were indeed very much 
alike In both, fever, anorexia, cough, and 
other signs referable to the respiratory tract 
were prominent a leukopenia occurred in 

[ 61 ] 
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both diseases, and, in both the degree of 
prostration was out of all proportion to 
the rest of the clinical picture In both 
diseases the onset was sudden, tlie course 
short, and convalescence slow but usually 
uneventful Both conditions appeared to 
be highly contagious Death, ^vhen it oc 
curred in either the human or the sivine 
disease, was frequently the result of a 
water logged ” bloody, edematous pneu 
monia It is, of course, evident that all 
of these similarities could have been a 
matter of chance and that one is not war* 
ranted in drawing conclusions as to the 
relationship of two diseases on the basis 
of clinical and pathological resemblances 
alone Their etiological agents should be 
known and compared 

It may be said in retrospect that Dr 
Keen was most uncannily correct in his 
speculations concerning the relauonship 
between swine and human influenza, even 
without the benefit of knowledge concern 
ing the etiology of either disease AH sub 
sequent work with swine and human in 
fluenza has supported the view that Koens 
1918 speculation concerning their relation 
ship was correct and that swine influenza 
did begin at that time as a new disease that 
hogs acquired from man The basis for this 
statement will be outlined m later sec 


tions of this chapter dealing with the etiol 
ogy and serology of swine influenza 
Whether sivine influenza of the type seen 
in the United States occurs in other parts 
of the world remains an open question A 
very closely related, if not identical, disease 
IS seen occasionally in Northern Ireland 
(Lament, 1938) and m England (Blake- 
more and Gledhill, 1941) The viruses as 


soaated with these outbreaks, however, ap- 
pear serologically to differ somewhat from 
the North American type and to be a little 
more closely related to aiirent t)pe A 
human strains (Gloter and Andrewc. 
1943) Gulrajani and Beveridge (1J51) 
have dearly differentiated the liras of 
British swine influenza from a more prev 
alent one that causes inrectious pnra 
monia of swine in England Almost cct 
uinly some of the respiratory =■1"''"“ 
swim described as occurring m European 


ojunmes and referred to as swine infiuenzi 
are not indeed the same as the Amencar 
disease Conditions referred to as influenza 
of swine have been described as Occumn" 
in Russia, Poland, the Balkans Franck 
Germany, and the Scandinavian countries 
In some of these instances a virus having 
properties similar to that of swine influenza 
has been described as of etiologica) jmpor 
tance, and m some, an organism similar or 
identical to Hemophthts tnflueni^ae suis 
was encountered However, where actual 
comparisons have been made between 
European strains of viruses causing an in 
fluenza like disease in swine and Aiuencin 
strains of the sivine influenza virus the 
conclusion has been reached tliat the two 
agents are not identical Hjarre et al 
(1952) have extensively compared Amer 
lean swine influenza vims with that caus 
mg an enzootic vims pneumonia ii\ Sweel 
ish pigs and have concluded that the two 
agents are quite different Hjarre el al 
(J951) have recommended that the term 
'swine influenza be applied only to those 
diseases with which a vims of the type 
found in North Amencan swine mfluenzi 
IS assoaated, while respiratory diseases of 
swine, with which viruses other than the 
Nordi American type of agent are assoa 
ated should be referred to as ' influenza 
like" Review of the world literature sug 
gests that swane mfluenza, defined as lecom 
mended by Hjarre and his covsorken, is 
limited largely to the United States widi 
sporadic outbreaks occurring occasKjnafl) 
in the British Isles Influenza like diseases 
m other parts of the vsorld maj, m all 
likelihood be instances of vims pnemvionia 
of suinc 

CTfOLOGY 

Swine influenza is a disease of cooiplcx 
etiolog), being caused by infection i\ith 
the bacterium H influenzae s»w anti the 
swine influenza vims acting in concert 
(Shopc 1931b) H influenzae suis^ tlic 
bacterial component of the etiological com 
plex (Lewis and Shopc, 1951), is a small 
Gram negative, nonmoiile hemoglobino' 
plulic bactenum showing a marked tciul 
enc) to plcoinorphism especially in ctil 
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lures that ha\e been grown for longer than 
24 hours In 21 hour cultures the pro 
tlommant forms are small banlh ranging 
from less than 0 5/x to 2^ in length and 
approximately 0 2^ m thickness In older 
cultures, long, threadlike forms are com 
mon, and these may form clumps of 
tangled masses of organisms Small coc 
coidal forms are also common m older cul 
tures The organism requires both factors 
V and X to support its grouth on media 
It does not produce indol H influenzae 
^uis IS not pathogenic for suine avhen ad 
ministered alone in pure culture by ua) 
of the respiratory tract The organism is 
'cry similar, if not identical, to non indoI 
produang, rough strains of H influenzae 
of human origin 

The s^vine influenza virus, the other 
component of the etiological complex is 
pathogenic for white mice (Andrew es et 
1934, Shope, 1935) and ferrets (Smith 
ef al , 1933 Shope, 1934b), as well as for 
suine "When administered to swine by way 
of the respiratory tract, it causes a tran 
*ient mild illness, clinically quite distinct 
from swine influenza, which has been 
designated ‘ filtrate disease (Shope 
I9Slb) Given intranasally to anesthetized 
ferrets the virus causes a febrile illness 
which may or may not result fatally, and 
produces a plum colored, edematous pneu 
monia of variable extent White mice to 
which the virus is given intranasally under 
ether anesthesia, regularly succumb to 
pneumonia The swine influenza virus is 
80-120 m;i in diameter (Elford et al , 
*936) , a size identical with that of the type 
^ human influenza virus Antigenically 
me swine influenza virus is closely related 
to the type A human influenza virus and 
m fact had it been initially isolated from 
man instead of swine, it would have been 
classed as a typical type A human influenza 

Although H influenzae suis alone is not 
pathogenic and the virus alone is niildl> 
pathogenic for swine the two svhen ad 
ministered together by intranasal instil 
lation cause in swine a clinically sesere ill 
uess identical with swine influenza as seen 
m the field The disease caused b> the two 
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ngents acting in concert is highly conta 
gious ind both ^gents transfer by contact 
from sick to normal animals (Shope 
1934a) 

The disco\ery of a hemoglobinophihc 
bacterium closely related to or identical 
with Pfeiffers influenza bacillus in swine 
influenza was the first bit of scientific evi 
dence indicating the correctness of Koen s 
surmise of an actual relationship between 
human and swine influenza The discovery 
by Smith et al (1933) of a \iriis in human 
influenza aery closely related to the one 
earlier discovered in swine influenza fur 
nished the second bit of scientific evidence 
supporting Koen s hypothesis of a relation 
ship between savine and human influenza 

CLINICAL SIGNS 

Swine influenza as it occurs m nature 
IS not a disease of the individual rather 
it IS a herd illness and proven single or 
sporadic cases do not occur It is essentially 
a disease of autumn and early winter and 
occurs annually among swine in the middle 
western states Its onset is sudden the 
morbidity rate in an infected herd is high, 
and practically all of the animals under 
one year of age become sick Fe\er and 
anorexia prostration of an extreme type 
cough and a peculiar abdominal type of 
respiration are salient features of the dis 
ease A leukopenia is usually to be ob 
served The period of illness is short vary 
ing from 2 to 6 days and in uncompli 
caied cases recovery is almost as sudden as 
the onset The mortality ranges from 1 to 
4 per cent, but may be higher 

Although the disease is a herd illness 
the observation of single animals under ex 
penmental conditions probably furnishes 
the clearest concept of the clinical picture 
The incubation period in swine infected 
by pen contact with influenza sick animals 
tanes from 2 to 7 days with an average of 
4 days Animals infected by intnnasal in 
stillation with an infectious suspension 
containing sivine influenza virus and H 
influenzae suis become ill more promptly 
and the incubation period in these cases 
is usually 24 to 48 hours Fever, that is a 
temperature of 101 0°F or higher, is in 
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il! cases, the first observable evidence of 
illness Accompanying the rise m temper 
ature, or following it very shortly, there is 
a mild degree of malaise, mild anorexia 
and a tendency for the animal to tire 
easily when made to exert itself While 
there is considerable variation in the tern 
perature reaction as a rule on the first day 
It reaches 104 6° F, but seldom exceeds 
105 8° F On the second day of illness, the 
fever, anorexia and malaise are more 
marked By the third day, the temperature 
as a rule has reached its peak and fre 
quently exceeds 106 5 . F At this time, 
respiratory involvement is manifested by 
increased rate and a peculiar type of dia 
phragmatic breathing described popularly 
IS thumping Sometimes, at this stage, 
a paroxysmal type of cough is elicited when 
the animals are roused They exhibit 
marked prostration refuse food, and he 
listlessly in their pens Their condition on 
the fourth and fifth da>s is little altered 
from that on the third day Death may 
occur on the third, fourth fifth or sixtlx 
da) and is frequently preceded by an 
exaggeration of all respiratory symptoms 
an increase in the prostration, and the on 
set of an active, incoordmated delirium 


during which the animal lies on its side 
and makes running motions with its legs 
or, attempting to stand, staggers about the 
pen On the sixth da), as a rule, the 
temperature has definitely receded in 
animals that are to recover and, from this 
time on recovery is rapid and ordinarily 
uneventful A leukopenn of moderate c\ 
tent prevails throughout the course of ill 
ness (Shope, 1931a) 

There are several features of swine lu 


iluenza as a herd infection that perhaps 
should be mentioned in discussing tlic 
svmpiomatology of the disease, since tlic) 
are more or less diaracteristic Ordmanh 
there is a history that a period of wet, miser 
nble, inclement weather, or some rclativd) 
minor diange m swine husbandry, pr«ed 
cd the outbreak by several days Individual 
members of the drove do not sicken s^ucu 
tiall), but instead the illness gives the im 
nression of starting explosively and spread 
ing «itl> great rapid.ty Ordimnl), wilhtn 


a penod of 24 hours, the majority of the 
animals show clinical evidence of illness 
As the herd illness progresses one gets tJie 
impression that the amount of prostration 
IS out of all proportion to the other dm 
ical signs that can be observed In a typi 
cal outbreak the appearance of extreme 
illness IS such as to indicate a very grave 
prognosis and suggests a death loss con 
siderably higher than the 1 to 4 per cent 
usually encountered Recovery, when it 
does occur, affects the drove as a whole in 
much the same manner as did the onset 
and the majority of animals seem to re 
cover almost simultaneously On about the 
fifth or sixth day of illness they vmII be 
found to be out of tlieir nests and up tnd 
around again, and to sliow evidence of 
returning appetite Though still coughing 
and very noticeably gaunt in appearance 
most animals seem little the worse for their 
mfluental attack From this point on re 
cover) of the drove is ordinarily npul and 
uneventful although regain of the weight 
and condition lost during tlie period of 
illness IS slow Furthermore, the trouble 
some postinfluenzal cough may hst for 
three weeks or longer after recovery In 
view of the profound dinical illness shown 
by 1 typical case of swine influenrt die 
sudden and rapid recovery seems ilmost 
miraculous As one writer has aptly re 
corded his impression in describing the 
clinical picture of the disease, The patient 
begins to recover about the time deatli is 
expected (Koen 1919) 

CROSS PATHOLOGY 

Necropsy of a swine sacrificed on ihc 
iliird or fourth day of illness with swine 
influcnin reveals the following gross pith 
ological picture The nuicosa of the 
pharynx and Ivrynv arc as a rule mildh 
hypcrcmic intl covered by a white glassy 
tenacious mucus The same type of exu 
due IS present in moderate to copious 
amounts within the lumen of tlic tracliea 
and ilie cxudite nny completely fill *1“^ 
lumen in the smaller bronchi and bronchi 
olcs Jn the srinll bronchi (he exinlair is 
of firmer consistency than lughcr in the 
respiratory tract, and not infrcqticntl) can 
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FIG. 4.1— Dorsal aspect of lung In experimental 
swine Influenza to show typical appearance and 
distribution of atelectatic pneumonia, lymph 
nodes at the hllum are swollen ond edemofous. 
Sharp demarcation of pulmonary lesions Is note* 
worthy. Animal chloroformed on fourth doy of 
Illness. (Shape, Jour. Exper. Med.) 

be removed in small, white, semitranslii* 
cent, sago-like masses. In uncomplicated 
cases, the pleural sacs are free of either 
excess fluid or fibrin. The lungs present 
very constant and characteristic changes. 
The involved lung tissue is a deep pur- 
plish-red in color, and the line of demar- 
cation between normal and pathological 
lung substance is very definite. Palpation 
of the involved lung reveals that it is firm 
and leathery and does not crepitate. The 
elements of the bronchial tree can be pal- 
pated and give the impression of being 
thickened. On cut section the bronchioles 
protrude from the surface, and the lung 
substance itself has a purplish-red, "beefy,*’ 
pasty appearance throughout. The gross 
picture is that of a massive atelectatic 
pneumonia, irregular both as to amount 
and distribution. It is usually limited to 
portions of the cephalic, cardiac, and azygos 
lobes, and not infrequently involves large 
portions of all five of these lobes. The in- 
volvement is usually bilateral and Irregu- 
larly symmetrical. If. however, it tends to 
be unilateral, the right side is almost al- 
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FIG. 4.2— Ventral aspect of same lung, (Shope, 
Jour. Exper. Med.) 


ways predominantly involved. An illustra- 
tion of a typical case is presented in Figures 
d.l and 4.2. 

The cervical and mediastinal lymph 
nodes are extremely enlarged and very 
edematous. Those at the hilum of the 
lung are sometimes so large as to resemble 
grapes. On cut section, they are found to 
be soft and to ooze fluid. Ordinarily there 
are fesv other pathological changes en- 
countered in uncomplicated cases of swine 
influenza. The liver, kidneys, and spleen 
are usually negative, and the only note- 
worthy alteration of the gastrointestinal 
tract is a relatively extreme congestion and 
hyperemia of the gastric mucosa along the 
greater cuirature in the cardiac end of 
the stomach. 

Fatal cases of swine influenza present a 
sometvhat different gross pathological pic- 
ture. In these tlie mucosa of the traclica 
and larger bronchi are moderately con- 
gested and covered with a thick, tenacious, 
and sometimes frothy and blood-tinged 
mucous exudate. The smaller bronchi con- 
tain a more fluid exudate, sometimes in 
copious amounts, and frequently blood- 
tinged. A scro-sanguineous pleural exudate 
is frequently encountered, and this exudate 
sometimes contains considerable fibrin. The 
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lungs themselves are voluminous and 
heavy, and mottled purplish-red in color. 
Palpation reveals that only the apical, 
azygos, and cardiac lobes are consolidated; 
that is, the true pneumonia is limited en- 
tirely to the portions of the lung svhich in 
uncomplicated swine influenza are ordi- 
narily involved. The diaphragmatic lobes 
exhibit a hemorrhagic type of pulmonary 
edema which, in most instances, is exteme. 
The markings of the interlobular septa are 
widened by fluid, and the lobes, as a whole, 
hav^e a glistening, swollen appearance. 
When they are cut across, there is an out- 
pouring of a frothy, bloody fluid. The 
lymph nodes are enlarged and edematous 
in fatal cases, just as they are in the non- 
fatalones, and the scanty pathology outside 
die respiratory tract is also about the 
same. 


HISTOPATHOLOGY 

In animals killed on the third or fourth 
day of illness with swine influenza, films of 
the bronchial exudate, stained with methjl- 
ene blue, reveal a rather constant and 
cliaracteristic picture. The predominant 
cell in the exudate is the polymorpho- 
nuclear leukocyte, and of these there are 
many. Not infrequently Uiey contain en- 
gulfed organisms, usually small thin bacilli, 
but occasionally larger bacillary forms or 
cocci. There are moderate numbers of 
lymphocytes in the exudate and smaller 
numbers of desquamated epithelial cells. 
Lying between the cells of the exudate are 
large numbers of extremely thin, very’ 
faintly staining, hairlike structures, evi- 
dently broken-off cilia. 

Lung sections cut in such a way as to 
include small bronchi and terminal bron- 



FIO 4.3-Seetlon of lung 
from o sponfoneow* field 
cose of swine fnflwenro 
showing o bronchus In 
on oreo of compensatory 
emphysema and illus- 
trating dense peribronch- 
ial round cell infiltration. 
Lumen of the bronchus 
contains a dense ieyVo- 
eytlc exudate Eosin- 
methylene blue. X 75. 
(Shope, Jour. Exper. Med i 
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FIG. 4.4 — Section of lung In ex- 
perimental swine influenza show- 
ing dense leukocytic exudate in 
srnall bronchus and peribronchial 
innltrotion largely with round 
killed on sixth day 
after inoculation. Eosin-methy- 
lene blue. X 75 (Shope, Jour. 
Exper. Med.) 


^loles, and including uninvolved and changes tJi.in atelectasis alone (Figs ‘1.7 
typically diseased lung, exhibit the follow- and 4.8) . Tliey are of lobular distribution 
ing features: The small bronchi and ter- and sharply demarcated from adjacent un- 

minal brondiioles are filled witli a polj- in\oIved lung by interlobular septa, al- 

morphonuclear leukocytic exudate (Figs. tliough a number of adjacent lobules may 

4.3 and 4.4). Bacteria are ne^e^ numerous be and usually arc in\ol\cd. In these areas, 

m this exudate and frequently they are not the aheoli are collapsed and frequently 

dcmonstmblc or are present in such small contain desquamated cells, small numbers 

numbers as to lequirc careful searcli to of mononuclear wandering cells, and oc- 

find them. They are most numerous at casionally some coagulated plasma. Lcuko- 

|he junction of the exudate and the cytes and red cells arc not found regularly 

bronchial epithelium. Tlie dlia lining the in the aheoli, although it is dilTicuIt to 
Smaller bronclu are either entirely gone or find sections, c\cn from ^c^y early cases, 

hadly matted together. The lining cpiihe- in uhich the aheoli in some areas of the 

lium is fragmented, in places partially section do not contain leukocytes and oc- 

desquamated, and the cytoplasm of many casionally red cells in small numbers Leu- 

of the cells appears sacuolatcil. (Figs. 4.5 kocyies, s\hcn present, arc most abund.mt 

and 4 0). In the spaces crcatctl by the in the aheoli opening directly into the 

fragmentation of the lining epithelium, terminal bronchioles. The alseol.ir u*alh 

leukocytes, singly or in clumps, arc some- .ire wrinkled and thickcncil and dcfiriiicly 

times seen (Fig. 4(3). There is an exten- infiltratctl with mononuclear cells (Fig. 

si\e peribronchial round cell infiltration 4 9), This infiltration is most niarkol in 

(Figs. 4.3. I.}. 4.5. 4.0) . The areas of lung the ahcolar walls adjacent to the bronchi, 

that appear grossly to be merely atelectatic but is present and fr«jucnth compicuom 

arc found histologically to present other i... 'he entire area of atelectasis. 




FIG 4 5— Section of q small bronchus from a 
spontaneous feld cose of swine influenza show 
ing fragmented epithelium and extreme round 
cell infiltrat on of the submucosa Eosin melhy 
lene blue X 275 (Shope Jour Exper Med) 
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FIG 4 d— Section of o small bronchus In exper 
mental swine influenza showing leukocytic bron 
chial exudate fragmented end vacuolated ep 
thelium denuded of cilio and round cell infiltro 
flon of the submueosa Leukocytes have invaded 
the mucoso Animol k lied on fifth day after 
inoculation Eos n methylene blue X 270 
(Shope Jour Exper Med ) 


FIG 4 8— Sect on of lung from a spontaneous 
field case of swine influenza show ng atelec 
tosis w th inDtrofion of the alveolor wells s! ght 
leukocytic exudate in some of the collapsed 
olveoti and compensatory emphysema Eosin 
methylene blue X 50 (Shope Jour Exper 
Med) 








FIG 4 7 — Section of lung In experimental swine 
influenza showing folding of pleura o«/ 
nrea of olelecfafic pnevmoma AnImoJ killed 
1 »v,.rd day after moculot on Eosin methylene 
X 55 °5hop« E.p,r Mpd > 
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The interlobular septa are frequently 
widened owing not only to dilation of the 
lymph channels but to an apparent pull 
ing apart of the connective tissue elements 
and to some round cell infiltration The 
pleura overlying the atelectatic areas is 
sometimes wrinkled and thrown into small 
folds though unaltered otherwise (Fig 
4 7) The lobules lying adjacent to areas 
of atelectasis are markedly emphysema 
tous exhibiting extremely thin alveolar 
walls many of them broken (Fig 4 8) 
Histological examination of sections of 
pneumonic lung from fatal cases reveals 
the following findings The pleurae are 
usually overlaid with a network of fibrin 
in the meshes of which are myriads of 
leukocytes The bronchioles are completely 
filled with leukocytes their lining epithe 
hum IS badly fragmented and partially 
desquamated and the bronchial walls 
themselves are densely infiltrated with 
round cells The alveoli throughout the 
section are filled with leukocytes red blood 
cells and coagulated plasma The alveolar 
walls are mildly folded thickened and in 
filtrated largely with round cells The 
lymph sinuses in the interlobular septa 
are dilated and contain leukocytes some 
lymphocytes and much Ijmph Sections of 
the edematous lower lobes of the lung re 
veal plasma filling the alveoli, which also 
contain small numbers of desquamated 
epithelial and red cells The cellular exu 
date in tlie bronchi is scant and there is 
much plasma The bronchial walls arc 
thickened owing to intercellular edema 
and some round cell infiltration The pul 
monar) capillaries are usually dilated and 
packed with red cells The Ijmph sinuses 
in the interlobular septa and beneath the 
pleura are widel) dilated and contain in 
addition to plasma small accumulations of 
leukoc)tes and l)mphoc)tes 

diagnosis 

Ordmanl) the diagnosis of swine in 
fluenzi occurring as a herd infection pre 
sents few dilfiailtjcs The hisior) of an 
outbreak of respirator) disease simulia 
ucotisl) involving most or all of the pigs m 
a drove in the late fall or carlj winter 



FIG 4 9— SectiQn of lung in exper mental sw na 
nfluenza show ng thicken ng of alveolar walls 
in an area of atalectate pneumon □ Calls m 
ritrat ng the olveolor wolls are lorgely round 
eells An mol k lied on third doy offer inocula 
tion Eos n methylene blue X 270 (Shop* 
Jour Exper Med ) 

IS usually suggestive of sume in/luenza 
Examination of individual animals in a 
drove will reveal high temperatures pros 
iration and signs of respiratory tract in 
volvement Hog cholera a condition with 
whidi swine influenza might be confused 
begins more insidiously does not progress 
as rapidly to the stage of prostration and 
lends to show less respiratory tract involve 
ment dian does swine influenza Because 
of the marked differences in the paihologi 
cal pictures of cholera and influenza a 
nccrojis) of a t)pically sick animal from the 
drove will usiiall) settle the issue In case 
of doubt a bacteriological and virological 
diagnosis is relatively cas) to make and 
will cstablisli die idcntit) of a case of swine 
influenza The baclcrnim // influence 
stiis can tisuall) be grown in pure culture 
on chocolate agar or on blood agar slants 
if exudate from small terminal bronchioles 
in an affected portion of the lung is 
selected for culture The virus comjxjncnt 
of ihc etiological complex can be demon 
strated b) the inomlation of white mice 
intranasallv VMth a suspension of bronchial 
exudate or pneumonic lung from a case 
of swine mlluenra Mice are inoculated 
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intranasally, while under ether anesthesia, 
by a technique described by Shope (1935) . 
The inoculated mice will usually appear 
rough and ill on the third or fourth day 
or may actually die of a virus pneumonia 
by this time. Necropsy of such animals re- 
veals the presence of a characteristic virus 
pneumonia which is transmissible in series 
in white mice. 

Swine recovered from swine influenza de- 
velop antibodies in their sera svhich are 
capable of neutralizing the swine influenza 
virus (Shope. 1931b and 1932; Rosenbusch 
and Shope. 1939) . The neutralization test 
is carried out best in white mice. In con- 
ducting the test, known swine influenza 
virus is mixed with blood sera from swine 
suspected of having had swine influenza, 
and the mixture is administered intra- 
nasally to anesthetized svhite mice. A posi- 
tive serum, one from a pig recovered from 
swine influenza, will protect the inoculated 
mice from infection with the swme in- 
fluenza virus. Serum from a pig that has 
not undergone an attack of swine influenza 
trill not neutralize the virus, and mice re- 
ceiving such a mixture will succumb typi- 
cally to an influenzal virus pneumonia. 

The leukocyte count is not of great help 
in establishing a diagnosis of swine in- 
fluenza. Though a leukopenia is praent in 
swine influenza, it also occurs m hog 
cholera to a somewhat more profound cx- 
mntr hence in die two diseases, wliicl. 
might be confused most j",' 

another, a low white count would not dif- 
Jeren ia e. An extremely low leukocyae 

mouse t°"ulation or the scrum ueutnil- 

ization test. 


TREATMENT 

There is no known specific therapy for 
swine influenza, and medication is not 
indicated. Careful nursing is of the great- 
est importance, however. Bedding down 
the animals in a dry, non-drafty, warm 
place, and leaving them comfortably alone 
is probably the best procedure. Clean 
straw should be used. Dust has a deleteri- 
ous effect since it further irritates the in- 
flamed mucous membranes and aggravates 
the troublesome cough. Since most of the 
animals will have a pneumonia of grejiter 
or lesser extent, they should not be unduly 
handled or roused. Plenty of clean drink- 
ing water should be accessible at all times 
since, because the animals are febrile, they 
are apt to be thirsty. There will be loss 
of appetite during the course of the acute 
illness but the appetite will return rather 
suddenly upon clinical improvement. Some 
care should be exercised at tliis time not to 
feed too heavily and to resume full rations 
gradually. 

The losses from swine hifluenja m 
threefold. The most important of t'we 
is the actual death loss which ordinaril) 
amounts to I to 4 per cent, but E 
higher if the sick drove is poorly hand eu 

or if intcrcurrent complications enter 
picture. The second source of loss is 
shrinkage iliat growing or 
undergo during tlie course of 
This may ins-olve from 1 to 4 « ks “1 
feeding time. Both die dcatli loss 
loss from slirinkage can he min.uurcd 0) 
careful and intelligent nursing of me ^ 
drove. The tfiird loss inflicted b) an 
break of swine influenra is yari.ibic. 
it docs seem establislicd that j „ 

it may be sizable; tins loss results l 
abortions or i.rcmatiirc birtlis j 
attack of tiie disease or fron l ie 
Ing of pig. that shortly ij ' of 
weak and untlirifty and die. rim 
loss can be avoided or Ii) 

sriiere iiifliiciiz.i is of ,„r.l 

sclecling breeding gibs.. .a. ban 577^^. 

from the disease or by dcia). ig , 

ingd-ales until afler the disease Ins | 
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Young and Underdihl(I949i, 1949b 1950a 
1950b) hive studied extensively the matter 
of baby pig losses They ha\e presented 
evidence to indicate that pigs born of gilts 
that undergo influenza tirus infections dur 
ing gestation suffer a reverse type of ana 
phylaxis frequently fatal, when they ac 
quire swine influenza \ irus neutralizing 
antibodies on ingesting colostrum from 
their mothers soon after birth To judge 
from the figures presented by Young and 
Underdahl, these baby pig losses can be 
rather staggering among pigs farrowed in 
certain seasons of the year 

IMMUNITY 

Animals fully recosered from swine in 
fluenza are ordinarly immune to clinical 
reinfection and their blood sera contain 
antibodies capable of destroying the in 
fluenza Mrus Tests for these antibodies 
can be made in the laboratory in the so 
called Mrus neutralization test and their 
presence is sometimes used for diagnostic 
purposes Because of the fact that swine 
fully recovered from swine influenza are 
immune the history of two or more out 
breaks in a given swine droie m a single 
season means either that one outbreak or 
the other was not true swine influenzi 
Attacks following one another in rapid 
sequence can represent either a recrudes 
cence of the original infection or the ex 
tension of pneumonia due perhaps to 
supennfection of the respiratory tract by 
secondary bacterial invaders The fre 
quency with %vhich hog cholera foUoavs 
closely upon the heels of a respiratory in 
fection which began as typical swine in 
fluenza is noteworthy and confusing 

It IS possible to immunize swine against 
influenza with a live virus vacane admin 
istered subcutaneously or intramuscularly 
(Shope 1932 1936b). but tlie procedure 
IS not without hazard of infection as was 
demonstrated during a small scale field 
trial There seems little doubt that, if 
there were a practical need for a vaccine 
one could be developed ilvu would be both 
immunogenic and safe However, at the 


present time no satisfactory swine mflu 
enza vaccine is commercially available and 
it seems doubtful were one available, that 
It would be used extensively 
The immunology of the swine influenza 
virus IS of further interest from a histon 
cal standpoint because through it infor 
mation beanng on the origin of swme in 
fluenza has been provided As has been 
mentioned earlier, koen vvas of the opinion 
that swine influenza began m 1918 at the 
time of the great human influenza pan 
demic and that swine had acquired their 
disease originally from man After the dis 
covery of the swme influenza virus (Shope 
1931b) and the human influenza virus 
(Smith el al , 1933) , it vvas possible to 
compare these two agents and as has been 
pointed out earlier they proved to be 
very similar indeed from the standpoint 
of their pathogenic effects on experimental 
animals However the human virus was 
found to be slightly different serologically 
from the swine influenza virus This sero 
logical difference was not enough to neces 
sitate classification of the two agents as 
different t>pes of influenza virus (they are 
both classified as type A) but it was 
enough to enable their differentiation by 
serological tests Smith et al (1935) and 
Francis and Shope (1936) showed that 
the sera of animals recovered from infec 
tion with either the human oi svwne in 
fluenza virus would neutralize the ho 
mologous agent but usually not the heter 
ologous agent Thus an immunological 
tool for differentiating the past influenza 
virus experiences of man appeared avail 
able A large series of b]o<^ sera were 
collected from people of different ages in 
England and the United States and these 
were tested for their ability to neutralize 
the swme and human viruses (Andrewes 
et al , 1935 Francis and Magill 1936 
Shope 1936a) Mueix to everyone s siir 
prise. It was found that the sera of practi 
call) all the adults of the stud) neutralized 
the swine influenza virus while the sera 
of almost all of the children failed to do 
so Tlie findings vverc ver) similar for 
both the British and American sera and 
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appeared to bear no relationship to 
whether or not the individual supplying 
the sera also neutralized the human in 
fluenza virus For instance, though a 
number of the children's sera neutralized 
the human virus, almost none neutralized 
the swine virus, and conversely, though 
almost all adult sera neutralized swine 
virus many were devoid of neutralizing 
antibodies for the human agent It ap 
peared from these findings that though al 
most all adults, to judge from their virus 
neutralizing antibodies had undergone a 
previous infection with a virus of the swine 
influenza type, none of the children had 
had a similar experience The fact that 
there was no evident relationship between 
the presence of human and swine virus anti 
bodies indicated that the swine virus anti 
bodies were probably specific and did not 
represent merely cross reactions from in 
fection with tlie human agent So far as 
could be told from the limited number of 
sera falling m the age group between 10 
and 19 years the critical age above which 
swine influenza virus neutralizing anti 
bodies were almost always present and 
below which they were almost always ab 
sent was approximately 15 to 16 years 
Since the sera for the test had been col 
lecied in 1934 and 1935, it was very ap 
parent that the period of time dunng 
which the agent responsible for the gener 
ation of these swine virus antibodies in 
human beings had been prevalent was sug 
gestively near the year 1918 The con 
elusion seems inescapable that swine in 
fluenza virus and the pandemic human 
virus of 1918 were 'intigenically similar 
and that, as suggested by Keen on purely 
circumstantial evidence, swine may very 


well have acquired the agent, which we 
now know as tlie swine influenza virus, 
from man at that time A later stud) by 
Davenport et al (1953) VMih human sera 
collected in 1952 indicated tlial, in this 
senes, swine influenza virus neutralizing 
antibodies were not detectible m sera from 
individuals under 29 years of age and were 
not found m rclativel) high titer uniil 
33 Here again, after a different time 
intenal than that tn the carJier sltidiB, 


the findings pointed to the likelihood that 
the antigenic stimulus responsible for the 
swine influenza virus neutralizing antiboil 
les in human sera prevailed in the human 
population near and shortly following the 
year 1918 It would appear that the im 
munology of the swine influenza virus fits 
well with the historical aspects of the dis 
ease in indicating its origin as a new disease 
m 1918 

EPIZOOTIOLOGY 

It IS probable that swine influenza has 
appeared m the Middle ^Vest each autumn 
since 1918 (Dorset et al , 2922, Dreher, 
1922 McBryde, 1927, McBryde et al , 
1928) , although epizootics have varied in 
severity and extent from year to year De 
pending upon whether the onset of cold 
weather is early or late, the epizootics 
characteristically begin explosively m Oc 
tober or November The build up of cases 
IS extremely rapid, and one gams tlie im 
pression that the disease has arisen simul 
taneously at many different foci After tlie 
initial widespread outbreak, fresh swine 
droves are infected in smaller and smaller 
numbers until, by late December or early 
January as a rule, the epizootic appears to 
have run its course, and swine influenza 
disappears as a farm infection until the 
fof/owing October or November It seems 
certain that swine influenza, though highly 
contagious, would die out and disappear 
forever at the end of an outbreak if its 
causative virus did not possess some media 
nism for lasting through tlie 9 month 
period during which the disease disappears 
as a farm infection Though the bacterium 
H influenzae suts can be found to persist 
indefinitely m the respiratory tracts of some 
recovered and appirentlj nomnl swjnc 
similar persistence of the virus has never 
been demonstrated 

Dunng this 9 month interval, nature Ins 
provided the virus with an ingenious 
meclianism for survival It has been found 
that the swme lungworm, a nematode 
parasitic in the brondnoJes of the bases of 
the lungs of swine, is capable of harboring 
swine influenza virus and transmitting n 
from aniniil to animal (Shopc, I9H) 
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Transmission of the \irus b) this inter 
mediate host hoaves'er is not quite so 
simple as the above statement might lead 
one to believe because the intermediate 
host has a required intermediate host of its 
own The swine lungworm is the actual 
carrier of the virus but since the lungworm 
must pass its first three developmental 
stages in the earthworm the latter becomes 
of importance as an accessory in the epi 
demiology of swine influenza 

The life cycle of the lungworm as de 
termined by the Hobmaiers (1929a 
1929b) and by Schwartz and Alicata 
(1929 1931 1934) may be briefly sum 
marized as follows The fully embryonated 
eggs are deposited by the adult female 
lungworm in the bronchi of the swine she 
infests These eggs are coughed up and 
swallowed and reach the outer world in 
the feces Their further development then 
depends upon their being ingested by 
earthworms Once within the earthworm 
the lungw’orm eggs hatch and the larvae 
develop to the third or infective larval 
stage usually becoming localized in the 
hearts, gizzard or calciferous gland of the 
earthworm intermediate host (Fig 4 10) 
They penist in this stage until their earth 
worm host is eaten by a pig In the pig 
the lungworms undergo two further de 
velopmental stages finally reaching the 
swine respiratory tract by way of the blood 
stream and lymphatics In the respiratory 
tract they become adults The whole of 
the cycle can occupy a span of several 
years for its completion or under the most 
favorable conditions can be completed in 
a little more than a month 
Larvae developing from lungworm ova 
deposited during tlie lime the host pig is 
undergoing an attack of swine influenza 
or even from those deposited for at least 
a short penod after recovery are carriers 
of swine influenza virus (Shope 1911) A 
most puzzling feature of the transmission 
of swine influenza virus b) the lungworm 
however is that virus cannot be detected 
by direct means either in the larvae in 
their earthworm intermediate hosts or in 
the adult lungworm after transmission to 
its definitive host the pig It appears to be 



FIG 4 10— Third stage lungworm larvae os seen 
n a fresh press preparat on of the calciferous 
gland of an exper mentolly infested earthworm 
X 69 (Shope Jour Exper Med } 

present in an occult or masked form 
knowledge of its presence is furnished only 
by Its subsequent behavior under very 
specialized conditions in the swine respira 
tor) tract As a rule swine infested with 
lungworms that are carrying masked virus 
do not develop swine influenza immedi 
ately as might be expected Instead they 
remain to all outward appearances per 
fectly normal pigs However they are m 
a very precarious situation insofar as their 
eventual wellbeing is concerned because 
all that IS required to bring forth a severe 
or even fatal influenzal infection is the ap 
plication of some stimulus of itself rela 
lively harmless Several such provocative 
stimuli have been used but the one tint 
has proved most regularly effective consists 
in the administration of multiple intra 
muscular injections of the bacterium H 
tnfliten ae sms These injections are ordi 
narily begun some weeks after the lung 
worm infestation has become established 
in the experimental swine and are spaced 
at intervals of 8 dajs Influenza iisuall) 
follows the second or third injection V 
t)pical experiment is illustrated in Figure 
} 11 

Under natural conditions on the farm 
the stimulus responsible for provoking 
masked virus to infectivity appears to be 
meteorological in diameter and is assoa 
ated with the onset of cold wet inclement 
weather It has been possible lo thiplicaic 
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FIG 4 1 1— This pig was fed 18 earthworms which 2 months prev ously had ngested lung 
worm ova from swine with swine influenza Nineteen ond 27 days later the pig was in 
lected intramuscularly with H influenzae suis Four days after second inject on the animal 
developed swine influenza that was charocferistic cifnically and at necropsy Swine in 
fluenza virus wos demonstroted »n the resp rofory tract (Shape Jour Exper Med ) 


this situation m the laboratory, using swine 
infected with masked Mrus and using ad 
Nerse weather as the pro\ocative stimulus 
(Shope 1955) Swine infested with lung 
tvorms known to be carrying masked swine 
influenza virus become ill m 2 to 4 da)s 
following some hours of exposure to m 
clement weather A typical expenment is 
illustrated in Fig 4 12 
While little IS known concerning the ac 
tual mechanism iniolved m the transmis 
Sion of swine influenza by lungworms some 
facts indicating its applicability in the epi 
zootiology of the disease are at hand It 


has been found for instance that swine 
influenza \arus can persist without giving 
any detectable evidence of us presence for 
at least as long as 32 months in third stage 
Iiingworm larvae m their intermediate 
hosts and for at least an additional 3 
months in assoaation with adult lung 
worms m the swine respiratory tract 
(Shope 1943a) This constitutes a total 
elapsed time of almost 3 years between the 
case of swine influenza originally supply 
ing the virus and its eventual infection 
of the next pig This interval is roughly 
three times that which must be accounted 



FIG 4 12-Th s pig wos fed 17 earthworms containing third stage fungworm larvae carry 
,na masked swine Influenza virus Forthy three days after this feeding it wos 
outdoors to inclement weother for 18 5 hours Four doys later the onimal came down 
wth an Illness that was typical clinically and at necropsy of sw.ne Influenza 
influenzo virus was demonstrated In its respiratory troct (Shope, Jour Exper Med 
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for to explain the sur\ival of the \irus 
from one epizootic to the next 

Another fact concerning the phenom 
enon seems to have a suggestue bearing 
upon the seasonal epidemiat) of swine in 
fluenza Transmission of swine influenza 
Mrus by way of the lungworm takes place 
as described if the experiments are con 
ducted between October and April that is 
during the fall wnter, and spring months 
However experiments carried out from 
May through September ha\e yielded nega 
ti\e results avith only one exception Tlie 
failure of the virus to cause infection by 
way of Its intermediate host during the 
summer fits well with the known seasonal 
incidence of swine influenza under field 
conditions 

Two types of field experiments hate 
been carried out to demonstrate that lung 
uorms carrying masked Mrus play the cpi 
dcmiological role m nature that the e\ 
penmental work described would indicate 
(Shope 1913b) In the first of these earth 
iNorms were obtained on Iowa farms that 
had a history of swine influenza as an an 
nual occurrence After microscopic cxami 
nation of these earthworms rc\caled their 
heavy infestation avith lungworm lanae 
they were fed to experimental svsinc Later 
when a prosocatise stress was applied the 
experimental swine de\ eloped characteris 
tic influenza Such experiments indicated 
that lungivorms obtained under natural 
field conditions from premises where in 
fluenza was of annual occurrence were car 
ners of masked influenza sirus and were 
hence a potential source of infection to 
any swine they infested 

T he other field cxpcnmcitt was conduct 
cd with swine wludi had acqiiirct! their 
infestations with lungss-orms presumabU 
infected with maskctl influenza amis on 
their liome farm in Iowa Three such am 
uials as ere brought to ma lalioratora in 
Nets Jersey in September at a time ashen 
uo climcalla caidcnt inHueii/a existed 
aiinng the sasine on the Iowa farm from 
whicli tlic animals originated The sasinc 
aserc phccti in isolation aiul kept umler 


obseraation until Noaember Then swine 
influenza aims infections were proaoked 
by appropriate procedures in 2 of the 3 
animals These 3 swine had been picked at 
random from a droae of about 50 shoats 
on the lotva farm An assumption winch 
seems avarranted, m aieav of the fact that 
masked savine influenza aims had been 
demonstrated in lungwonn laraac in cartJi 
avorms from the same farm is that these 
swine avere carriers of masked swine in 
fluenza aims avlien they ascrc received at 
the laboratory and that this masked aims 
was in association with lungworms ac 
qtiircd on the home farm The swine in 
fluenza aims responsible for the disease 
developing in these animals is considered 
to be the same that would have caused 
them to sicken had they been left on the 
Iowa farm vvith their 50 whole and half 
brothers and sisters Since there is no rca 
son for suspecting that the 3 swine chosen 
represented an unusual sample of the 
drove the finding lint at least 2 were 
earners of masked vmis suggested an ex 
tremcly high earner rue for the drove is 
a whole 

The finding of this high carrier rate 
suggests that the apparent paradox of 
svvinc influenza spreading throughout a 
drove and from farm to farm — faster than 
wc realize that it can on the basis of the 
knoun inciibafiou period — maj noi Ik 
paradoxical at all Instead of a sv\ift spread 
of the virus iliroughoui a drove and from 
drove to drove the field cxjicnmcnis sug 
gest that It 15 probably widely seeded be 
fore the oiithrcak ami then provoletl al 
most simultaneously Tlic great rapiditv of 
spread tJicrcforc, is more ajqiarent than 
real and represents a dcluiion rcMilimg 
from the provocation of VMilrly disseim 
naiesl masked virus by a stinuilus cnmnion 
lo large geographical areas I Ins wide 
sprcasl provocative stimulus fs in some wav 
rclaiesl to the v»ct cold changealde 
v\catlier of late autumn It ordinarih f re 
vails over much of the sv^ine railing am 
of the ^flddle c»t at almiit the same time, 
giving amfde oj p>-)rtunit\ for injv» jrnv«»- 
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cation of iniection m large numbers of 
swine droves almost simultaneously Thus 
extensive outbreaks of swine influenza be 
gm in much the same manner and as a 
result of a stimulus similar to that whicli 
on T smaller scale can be demonstrated 
experimentally in the laboratory when 
swine known to be earners of masked in 
fluenza virus are exposed for a few hours 
to uet cold inclement weather 

A highly contagious disease like swine 
influenza is not thought of usuallj as re 
quiring the services of an intermediate 
host Ordinarily such a host is sought for 
or considered requisite only m those dis 
eases that do not transmit naturally by 
contact In the case of sivine influenza 
hoivever, one large period of the epidemio 
logic qcle — the interepizootic phase — 
becomes readily understandable only if the 
services of an intermediate host capable of 
maintaining the virus from one epizootic 
to the next can be invoked Once an epi 
zootic has gotten under way of course 
swine influenza spreads readily by contact 
just as does any other highly contagious 
disease 

Theoretically, it should be possible to 
prevent and even eradicate swine influenza 
by preventing the exposure of swine to the 
intermediate host of the virus This would 
entail the prohibition of swine to all areas 
of ground containing earthworms infested 
with lungivorm larvae From a practical 
standpoint it would necessitate the rearing 
of swme entirely on concrete On most 
midwestern farms this would not be feas 
ible 


SWINE INFLUENZA AS A POSSIBLE 
HEALTH HAZARD TO MAN 

Evidence has been presented m this 
chapter to indicate that swine influenza 
appeared as a new disease of hogs m 1918 
and that it resulted directly from the infec 
tion of swine with the pandemic virus then 
uidely prevalent m man If the swine virus 
had Its origin from man in 1918 and ac 
tually stemmed from the lethal pandemic 
urus prevalent at that time m human 
beingi it is quite natural to inquire con 
cemwg Its present potential to produce 
disease in human beings Does it at the 
present time present a possible health 
hazard to man? A direct answer to this 
question is not possible since no one to 
my knowledge has ever purposely at 
tempted to infect man with the swme m 
fluenza virus However the swme influ 
enza virus has now served as a disease 
producing agent m swme for roughly 38 
years During all this time there is no 
conclusive evidence to indicate that it has 
ever reinfected man The serological cm 
dence obtained from study of human sera 
collected in 1934-35 and again m 19a2 
indicated that as has been pointed out 
earlier m this chapter the human proto 
type of swme influenza virus ceased m 
feettng man soon after tlie 1918 pandemic 
So far as can be determined from all the 
evidence at hand the sivine influenza virus 
if indeed it was originally a human patho 
gen is now safely fixed in swine and oc 
CUR as a natural cause of disease only m 
this species 
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CHAPTER 5 

Virus Pneumonia of Pigs (VPP) 


Vjrus pneumonia of pigs (VPP) quite like 
ly IS the world’s most important swine dis 
ease This statement is based on the high 
incidence of the disease, its ;\orldwide dis 
tnbution, and the estimated added cost to 
the producer Economic loss because of VPP 
in England is estimated at $20,000 000 an 
nually (Betts 1956) Losses in the United 
States are estimated at $120,000,000 annu 
ally (Young, 1956) 

A chronic respirator) disease of swine has 
been described by man) workers under dif 
ferent names but from the descriptions gu 
cn, the diseases described nre the same or at 
least very similar Most common s)nonyms 
are infectious pneumonia of pigs (PulHr, 
1948, Gulrajani and Besendge, 1951), en 
rootle virus pneumonia (EVP) (Hiarre et 
ol , 1952) , infectious pig cough (Rishkki, 
1953), and ssvine enzootic pneumonia 
(SEP) (WessJ^n and Linnek, 1954) There 
are man) reasons to suspect that the Fer 
hclgrtppe of Kobe (1933) and some of die 
5t\ine influenzas of Lamont (1938) and 
Blakemore .and Gletlhrll (1941) also nerc 
VPP \ good resiess of the possible relation 
ships of these diseases has been witten b) 
Uamoni (1952), although he docs not in 
elude disatssron of the infectious pnenmo 
»‘a of pigs b> Pullar (1918, 1919 a b,c) 
The name virus pncttmonia of pigs (VPP) 
presented b) Betts (1952) Ins been accept 
td as die name most clnractcrisiic, based 


on his first identification of a specific virus 
etiolog) for this disease His work was an 
extension of studies reported by Gulrajani 
(1951 a be) and b) Gulrajani and Beve 
ridge (1951) 

The natural host for VPP is the pig l^o 
other natural hosts or experimental hosts 
have been found A possible exception is 
the adaptation of the VPP agent to tissue 
cultures of bovine embr)onic skin and lung 
by Lannek and 'VVessMn (1955) Gulrajani 
and Beveridge (1951) found ferrets mice 
and embr)onated hens’ eggs insusceptible 
to VPP Similar observations on mice were 
made by Plowright (1953), ^Vcssl^n and 
Lannek (1954) , and Fulton, et of (1953) 
The latter authors also found guinea pigs 
embr)onated hens’ eggs and Rhesus mon 
ke}s refractor) to the VPP agent Embr)o 
nated liens’ eggs were also found refractorv 
to VPP b) Penltinen and Rislakki (1953) 

GEOGRAPHIC DISTRIBUTION 

VPP probabl) Ins worldwide disiribu 
lion, as judged from reports vnIucIi appar 
end) describe tlie same disease Pullar 
(1918) indicated occurrence of the iliscase 
throughout Australia Reports vsere made 
also from the UniiccI Kingdom b) Culra 
jam (1951), from Sweden bj Hjarre ft nl 
(1952), from Finland bj RisIakki (1953). 
from Canada b) Fulton ct a! (1953) 
and Schofield (iy5fi), and from die Uniictl 
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States by Beveridge (1953) Betts (19o6) 
Qum (1955), and Young (1956) The virus 
pneumonia of pigs reported by Plaadi and 
Haag (1956) from Morocco is probably 
not the same disease Both guinea pigs and 
mice were infected by their agent which is 
not characteristic of the disease described 
by Gulrajani and Beveridge (1951) and 
further identified as VPP by Betts (1952) 

ETIOLOGY 


The etiological agent for VPP is pre 
sumed to be a filtrable virus of approxi 
mately 250 m/i based on work by Betts 
(1952) and Betts and Beveridge (1952) 
No attempt has been made to classify this 
virus genencally The agent studied by Pul 
lar (1948) did not pass a Seitz BK. Special 
filter The agent studied by Gulrajani and 
Beveridge (1951) passed a Gradacol mem 
brane with an A P D of 0 8/i but would 
not pass a membrane with an A P D of 0 56 
ft Infectivity of VPP was not destrojcd by 
storage at 20® C frozen or at 0® C m gl) 
cerol for 32 51 and 55 days (Gulrajaiii and 
Beveridge, 1951) 


CLINICAL SIGNS 

The symptomatology of VPP Ins been 
aptly described by Betts (1952) and is sum 
marized in the following sentences VPP is 
generally a chronic pneumonia with a high 
herd morbidity and a low mortality Pigs 
usinll) show first signs of the disease be 
tween 3 and 10 weeks of age The inaiba 
non period is from 10 to 16 daj's following 
exposure A transient diarrhea may occur 
for two or three da)s followed bj a diy 
nonproductive cough Suckling pigs may go 
through a period of sneezing This 5>mp 
tom is not manifested bj older pigs The 
cough accompanying VPP is cinnctcrisiic 
and IS most marked when pigs come out to 
feed in the morning It may be elicited by 
Mgorous exercise Pigs may cough for onh 
one to three weeks or the coughing mav per 
5 , SI mdcfimtely Respiratory inovcmcnis re 
ma.n normal except m extreme cases In 
cencnl P'gs retain their appetite 
Lt pots ssell Loss of conilnion im> M 
lowS b) markedly severe stunting 


often some of the pigs appear normal but 
just grow slowly Apparent recovery from 
VPP may be followed by a relapse or sec 
ondary breakdown when pigs are about 
16 weeks old 

SPREAD OF INFECTION 
VPP is spread from one pig to another b\ 
direct contact or by inhalation of airborne 
VPP virus Introduction of the disease into 
a herd not previously infected can usually 
be traced to the purciiase of coughing feed 
erpigs or asymptomatic adult carriers which 
are added as new breeding stock As an c\ 
ample Pulhr (1948) cites the spread of the 
disease to 37 farms from a single consign 
ment of sales yard pigs Young pigs usinll) 
contract VPP from their mothers Hcrdwnlc 
infection often occurs when pigs from sevei 
al litters arc placed together for the first 
time at weaning 

INCIDENCE AND SEVERITY 
There is much evidence that VPP is the 
worlds most prevalent swine disease 
mont (1938) in disaission of the disease m 
the British Isles Germany Belgium and 
the Balkan States stated that 66-70 per cent 
of North Ireland pigs at bacon factories 
show evidence of previous infection Pulhr 
(1918) indicated highest incidence of mfec 
tion among porkers He observed fS per 
cent infection among 152 feeder pigs An 
ihony as cited by Betts (I9 j 2), found cm 
dcncc of respiratory infection in 61 j>cr cent 
of J 006 pairs of Jungs in pigs coining to 
slaughter Betts (1952) found a iiiiiihr pat 
tern in 12 per cent of I 006 lungs he esani 
ined Although they give no specific figure' 
Fulton ft al (1953) pointed out that pneu 
monia in svmiic causes heavier losses in 
katcliew an than iJo all oilier diseases Pnen 
iiioiita among si\inc in the Uniieil Stairs 
Ins been varnblv csfinntcd by Bevriihf 
(1953) as 50 per cent in swine m Ohio h' 
\oiing and Undcrdabl (I6»5) a» 5^' 
per cent in nudwcstcni swine and «’ 
Iletis (I9 j 6) as hi;,h as 71 per cent of » 
single day s sJaiighicr at Rochester 

A note of cauiion ninst I>£' I'hfnl oi 



Chapter 5 VIRUS PNEUMONIA OF PIGS G A Young 101 


evaluation o£ the incidence of VPP based on 
the gross pathology alone Schofield (1956) 
in a histopathological study of pneumonias 
in Canadian pigs found respiratory mfec 
tions in 50 of 75 herds or 67 per cent Afa 
terial examined histopathologically dis 
closed only 29 of these 75 herds (39 per 
cent) had VPP Pattison (1956) similarly 
indicated that gross lesions regarded as typ 
ical VPP showed a wide variation histopath 
ologically He concluded that there were sev 
eral causes of these grossly similar lesions 

PATHOLOGICAL CHANGES 

The most common gross lesions in VPP 
are well demarked plum colored or grayish 
pneumonic areas in the apical and cardiac 
lobes of the lung Except for these areas 
the lung may have a normal appearance In 
the collapsed lungs as seen at necropsy 
there is no change m the level of the sar 
face between the healthy and diseased por 
tions These lesions are commonly referred 
to as atelectasis in a normal lung The 
high incidence of pneumonias in swine and 
their common lesions in the apical and 
cardiac lobes have led to acceptance of 
these lesions as normal in sw me lungs A 
normal lung is portrayed in Figuie 5 1 and 
IS to be contrasted to an experimentally 
VPP infected lung as shown in Figure 5 2 


Another typical lesion of VPP is enlarge 
ment of lymph glands involved in drainage 
of the lungs (Kobe 1934 Pulhr 1948 
Betts 1952 Wesslen and Lannek 1954 
Pattison 1956 Schofield 1956) The pul 
monary lymph glands contain virus 
A variety of bacteria may be associated 
with VPP m a secondary category but con 
tribute to the intensity of the disease and 
type of gross pathology (Kobe 1933 Pul 
lar 1948 Gulrajani 1951 Betts 1952 Ful 
ton et al 19o3 Schofield 1956) Lungs 
free of bacteria but laden with virus are 
not uncommon VPP infections in absence 
ol bacteria have been enhanced e\peri 
mentally by migrating larvae of Ascaris 
suum (Underdahl and Kelley 1957) 
Pattison (19a6) found consistent histo 
pathological changes in lungs from pigs in 
fected experimentally with the MR strain 
of VPP This strain was isolated and de 
scribed by Betts el al (19a5b) and should 
represent the type species This agent 
caused extensive lymphoid hyperplasia of 
predominanil) penbrondiial peribronchi 
olar and perivascular distribution Scho 
field (1956) also used this lymphocytic in 
filtration together with hyperplasia of 
lymph nodes as a means of difforciunting 
VPP from other pneumonias of swmc It is 
of inteicst to note that histopathological 
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FIG. 5.2 — Lung from 
4-week-old pig txpen- 
menfafly inhcted wifh 
VPP virus 3 weeks before 
necropsy. Note atefectasl< 
of cardiac (point of 
arrow) and opicol lobes 
dower Wghf'hond corner). 


lesions illustrated b> Kobe (1931) as typi 
cal of Ferkelguppe hate the same charac- 
teristics as VPP lesions. 


DIAGNOSIS 


The diagnosis of VPP becomes a means ot 
differentiating VPP from other pneumo 
nias of swine. The primar> disease from 
which it must be distinguished is swine in- 
fiiienza. These two diseases arc distinct, so 
differential diagnosis is really not diffi- 
cult, as already described by PuUar (1918) 
and Gulrajani and Beveridge (1951). Clas- 
sical swine influenza is an acute disease with 
an incubation period of 2 to 4 da)s followed 
by elevated temperatures and extreme pros- 
tration (Shope, 1931a). By contrast, VPP 
is generally a chronic disease with an inai- 
bation period of 10 to IG dajs. It causes 
only mild elevation in temperature, with 
little or no illness. The chronic, dr)', non- 
productive cough is also ch.irac(crisiic of 
Wp. Innucnza is generally a sc.isonal dis- 
ease being more prevalent in the fall anti 
u'inicr. VPP has no special seasonal ocnir- 


rcnce. . . . , 

Herd histor) and an appreciation m me 
inciilcnre of the wo diseases arc also uscliil 
in ditlerenlialion. A cl.ronic rcsp.raior} d<s- 
ease «hid> !’« been a h""' 
momhs or esen )cars .s I.U!) lobcMi. 


The .igeni causing this disease ma) persist 
for months in the lungs of gilts or ) 0 unp 
boars held as breeding stock. Infection of 
)oung slock in the next generation ma> be 
from mother to suckling offspring. Such a 
situation can contribute to a perpetual 
chronic respirator) disease ivithin a herd 
By contrast, influenza ^i^us onl) persists in 
lungs for a few da)s as an infectious emit). 
Infection is followed bj immimit), and car 
ricr animals rarely deselop. Influcnia must 
then recur in a herd hy reinfection, uhicli is 
unlikely until immunit) wanes from the 
prciious infection. Introduction of brcc<h 
ing stock is mucli less likely to cause an in 
fcction ividi swine influenza whereas \TP 
commonly follows the imrodnetion of new 
stock. Chronic respiratory disease from a 
virus of the influcn7.i group is unusual- 
VPP has an uniisu.illy higli incidente. at 
alreadj indicatetl. In eontr.iit, Young and 
Undcrdahl (1933) have shown in s 
)car stud) of swine influenza among ini‘l' 
western swine that the incidence is approv* 
im.aiely 10 per cent. large {wriion of dd‘ 
overall incidence v%as contributcti hs a -f 
per cent inchicnee in an epi/fwiir sear 
Dillcrcntiatioii between swine inHuerra 
and \TP is .also fimiilde bj lalKuaiof' 
n)C.im (Shope. 1052. 1955. 1959. Vnuo; 
anil IJnilcriljhI. 1950. 1955; 
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a b c) Influenza virus may be isolated by in 
oculation of mice or embryonated hens eggs 
and may be propagated continually in those 
hosts Egg propagated influenza virus %vill 
agglutinate red blood cells (RBC) of chick 
ens and several other species Antibodies de 
veloped by swine against the influenza \i 
ruses are capable of specifically inhibiting 
the agglutination of RBC Serum neutraliz 
mg antibodies also develop and are demon 
strable by inoculation of virus anlibod\ 
mixture into embryonated hens e^s or 
mice 

By contrast VPP has no other host than 
swine according to Gulrajani and Beve 
ridge (1951) Plowright (1953) Wesslen 
and Lannek (1954) and Fulton el nl 
(1953) Further no demonstrable anti 
body develops following infection with 
VPP This characteristic has been re 
ported by Betts (1952) Betis and Beve 
ridge (1952) Hjarre et al (1952) Wes 
sUn and Lannek (1954) and Betts (1956) 
VPP virus does not agglutinate chicken 
RBC according to Gulrajani and Bese 
ndge (1951) Betts and Be\eridge (1952) 
Penitinen and Rislakki (1953) and Wes 
sl^n and Lannek (1954) Gulrajani and 
Beveridge (1951) and Hjarre et al (1952) 
■"ere unable to demonstrate any serological 
relationship between swine influenza \i 
ruses and VPP by serum neutralization 
tests 

treatment 

As with most diseases which base been 
relatively recently identified methods of 
treatment are controversial Since ^ PP docs 
not cause stimulation of recognizable anti 
bodies a vaccine would appear to bt use 
less Vaccines prepared by Pullar (191**) 
and by Schofield (1956) were of a bacterial 
nature and would be effcciivc only against 
secondary invaders Tins relationship svas 
rccognizetl by Schofield and so stated Pul 
lar made no claim of effectiveness for Ins 

'accinc 

Respite early claims of the in thro sus 
rcptibihty of \ PP to broad spectrum anii 
bioticv by Betts and Beveridge (19j 2) and 


Wesslen and Lannek (1954) the test of 
tune has demonstrated that VPP cannot be 
cured by antibiotic treatment It has been 
quite well established by work by Betts 
(1956) and by Lannek and Bornfors (1956) 
that tetracycline and oxytetracychne when 
given to pigs before they are exposed to 
VPP virus will prevent establishment of 
infection However the required doses of 2 
to 4 grams of drug per pig per day are pro 
hibitive in cost The concept of Penny 
(1954) that VPP could be effectively treated 
with chloramphenicol was not supported 
by the data he presented Schofield (1956) 
indicated that antibiotics were useful to 
reduce the effects of secondary bacteria 
which caused an intensification of VPP Sul 
fonamides were found ineffective by Pullar 
(1919) and by Betts and Beveridge (19^2) 
Penicillin and streptomycin have also been 
reported as useless m treatment of VPP by 
Belts and Beveridge (1952) and Betis 
(1956) 

Good management can play an impor 
tant part m the control of disease Lffecls 
are minimized in well fed pigs in a warm 
dry environment free from drafts ac 
cording to Betts (1932) Underdahl and 
Kelley (1957) emphasize the importance of 
ascand control as migration of the lirvae 
through the lung intensify \ PP 

IMMUNITY 

The failure of \ PP infections to stimu 
Iite measurable antibody already has been 
discussed in the section on Diagnosis There 
IS some evidence Iiowevcr tint increased re 
sistance is bestowed upon hcrtls and indi 
viduals as a result of exposure to \ PP 
Betts (1952) indicates that A PP may be 
come acute vvith high morbiditv ind mor 
lality following introduction of ilic disease 
into a fully susceptible herd Greatest mor 
lality ocairs among very young pigs Since 
this aaite ivpc VPP tloes not occur in herds 
111 whidi the disease is cnztKitic some ini 
niunity or at least increased resistance is 
suggcsictl Turihcr the rejiort In Maqilicr 
son and Shanks (19jj) of only 0 jicr rent 
\ PP in 670 old sows as comparetl to Sj j>er 
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cent among 1,000 gilts further substantiates 
the philosophy that some immunity is 
stimulated by VPP 

CONTROL 

VPP presents several unusual problems 
as far as disease control is concerned The 
fact that no appreciable immunity is de 
teloped precludes the use of a %'iccine 
Chemotherapy, at least isith present drugs 
IS ruled out because the virus is not hnoivn 
to be affected in vivo by any drug Almost 
indefinite persistence of the Mrus m the 
lung up to at least 66 weeks reported by 
Betts (1952) , presents a earner problem by 
uhich the disease is passed from dam to off 
spring in succeeding generations The logi 
cal approach to control of such a disease 
vould seem to be eradication followed by 
restricted movement of clean breeding 
stocks 

The time tested pnnaples of isolation 
and controlled rearing of breeding stock 
free from a specific disease liave been used 
successfully to obtain VPP free herds of 
swine In the ^^o^k with Ferkelgrippe m 
German) Waldmann (1936) and Wald 
mann and Radtke (1937) began testing 
the usefulness of isolation of dams and 
their litters to control respiratory diseases 
of swine Maepherson and Shanks (1955) 
pointed out the advantage in using old 
sons because of the decreased incidence of 


VPP in older animals as a source of nei\ 
stock to be reared in isolation Using iso- 
lation principles Betts e/ rtf (1955a), Bar 
her et al (1955) and IPhittfestone and 
Betts (1955) succeeded in eradicating VPP 
from several herds of swine in England 
Their method of eradication consisted of 
the following stages (1) Farrowing sows 
in isolation to insure that any infection of 
the litter came only from tlie dam, (2) 
Determination of whether the litter was 
infected or not as judged by clinical ex 
animation supplemented by necropsy of 
one or more pigs per litter, if necessary and 
possible (3) Grouping of litters judged 
to be free from the disease but retaining 
the groups m isolation (*1) Evammation 
at slaughter of lungs from a considerable 
proportion of the group as a further check 
when they reached market weiglii (a) 
Replacement of the original breeding stock 
With the healthy progeny as soon as pos 
sible 

Another method of obtaining breeding 
stock free of VPP and many other swine 
diseases has been described by \oung et al 
(1955) and Young and Underdahl (1956) 
The same basic principles as already de 
scribed are used except that the pigs arc ob- 
tained originally from their dam by Iiystcr 
ectomy These pigs are raised in isolation on 
cow 5 mi/fc Details of this method are pre- 
sented in Chapter 53 
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Transmissible Gastroenteritis 


Transmissible gastroenteritis is an infec 
tious, transmissible disease characterized by 
a high mortality m pigs less than a week to 
ten days of age It affects ewine of all ages 
but the mortality in older hogs is negli 
gible The disease was first reported in the 
United States by Doyle and Hutchings in 
1946 Undoubtedly, the disease existed for 
many years before its specific nature was 
reported It is now generally recognized 
as one of the important causes of death 
losses in young pigs 

Ordinarily it occurs sporadically, affect 
mg swine on individual farms Sometimes 
It affects many farms m a locality It may 
occur at any time of year, but most of the 
outbreaks appear during the spring far 
rowing season Spread of the disease is 
likely to be very rapid under conditions 
where litters of newborn pigs are close to 
gether, such as m a central farrowing 
house or where individual houses are as 
sembled m a small area 

etiology 

Transmissible gastroenteritis is caused by 
a filtrable agent or virus So far as is 
known, this agent does not cause disease 
m any species other than swine, although 
clinically similar diseases occur in se>CTa 
species, including humans in infancy Tiie 
virus soon dies out at room temperature 
and IS only moderately resistant to com 
mon germicides such as phenol and form 


aldehyde It remains active for many 
months when kept frozen in body tissues 
or gastrointestinal content The virus is 
widely distributed in the bodies of in 
fected pigs, being present in practically all 
tissues during the active stage of the dis 
ease It seems to have a special affinity for 
epithelial tissue particularly of the gastro 
intestinal tract There is evidence indi 
eating that the virus also multiplies m the 
respiratory tract The virus is given off 
from the body, particularly m the bowel 
discharge, and very likely in other ways 
It was found to persist for 8 weeks in an 
experimentally infected pig 

CLINICAL SIGNS 

The clinical signs are suggested by the 
name, gastroenteritis The incubation pe 
nod may be as short as 12 to 18 hours The 
disease usually spreads rapidly in swine of 
all ages affecting the whole herd within 
a few days In older swine the symptoms 
are quite variable in seventy This is par 
ucularly true of brood sows Some sows 
with affected litters do not show any 
noticeable symptoms, while othen. show 
mappetence vomit, scour profusely, cease 
Kivmg milk, and lose weight rapidly 
rarely, a few die The loss of weight in 
feeder hogs sometimes results in consider 
able economic loss to the owner Instance 
have been seen in whicli the disease started 
in feeder hogs and then spread to the 
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\oung pigs Older swine usually show im 
provement by the end of 5 to 7 days and 
then recover 

In young pigs, diarrhea is a constant 
sign Vomiting and polydipsia are other 
signs which occur frequently In young 
pigs the bowel discharge may be whitish 
yellowish, or greenish in color The in 
gested milk is often passed from the bowel 
only slightly changed There is usually 
rapid dehydration and loss of weight Evi 
dence of increased thirst in young pigs is 
indicated by a tendency to stand in or 
near the water supply and appear to be 
drinking Young pigs fatally affected usu 
ally die ivilhin 5 to 7 days after clinical 
signs first appear Some deaths occur as 
early as 48 hours The sumving animals 
are likely to remain stunted or unthrifty 
for some time The mortality may be 
nearly 100 per cent in pigs less than a 
week old The mortality is less i! the pigs 
are older before the) become infected 


PATHOLOGICAt CHANGES 

The principal gross lesions occur m the 
stomach and intestine Gross degenerative 
changes may be found m other organs 
especially in the kidneys and sometimes 
in the liver Emaciation and dehydrdtion 
are CMdent m pigs that h\e for a few days 
after the onset Pigs that die early in the 
course of the disease hive stomaclis well 
filled with milk The lesions in the stomach 
and intestine vary greatly in degree There 
may be marked reddening of the fiindiJ 
portion of the stomach and the greater 
portion of the intestine The mesenteric 
blood \essels may be engorged In many 
individual pigs there is no frank gross cm 
dence of inflammation of the stomadi or 
mtestine In these cases there is atony of 
the mtestine, both large and smjdl. but 
most commonly of the small got T)ic dis 
tended intestine is filled with liquid or 
semihquid. giving the intestinal mass the 
appearance o£ being considerahl, inaeased 
m volume The dilated, >"1“’^ 
testine IS the most nearly txmstant Iraion 
of the disease The kidneys usually show 


gross evidence of nephrosis, and urates 
may be found The medullary portion of 
the kidney is often congested The few 
older hogs that die of transmissible gastro 
enteritis nearly always show well marked 
gastrointestinal lesions 
Microscopic examination does not show 
much more than is apparent on gross ex 
amination There is usually extensive loss 
of surface epithelium in the intesUnal 
tract In addition to congestion and some 
hemorrhage, there is likel) to be edema 
affecting particularly the intestinal mIIi, 
giving tliem a swollen appearance There 
IS also more or less necrosis of intestinal 
epithelium, depending upon the severity 
and duration of the disease In pigs affec 
ted for about 4 days or longer, the necrosis 
may involve the epithelium to a consider 
able depdi m the crypts The epithelial 
necrosis is usually patchy, and accumula 
tions of polymorphonuclear leukocytes are 
found near the necrotic areas There is 
usually more or less cellular infiltration of 
the intestinal wall, mostly by round cells 
Albuminous degenerative dianges occur in 
tlie kidneys of most affected pigs The d^ 
generative changes in the liver are mostlj 
fatty 

DIAGNOSIS 

The diagnosis of transmissible gastro- 
enteritis can usually be made by observing 
the rapid spread of the disease and the 
high death rate among young pigs Profuse 
scouring and rapid spread among older 
snine followed by recovery starting «n 
about 2 to 7 days make the diagnosis furl) 
certain Vomiting and scouring may occur 
in other infectious diseases sucli as hog 
cliolera and in poisoning by corrosive or 
irritating substances such as arsenic In 
these latter conditions there are usuall) 
other distinguishing symptoms and lesions 
or toxicological findings whidi are peculiar 
to the specific disease A disunguishmiJ 
feature of transmissible gastroenteritis » 
the readiness with v\luch it can be trans 
muted by contact or by feeding acme 
matenal to susceptible newborn pifP 
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TREATMENT 

No effective specific treatment has been 
found Many different substances have 
been tried as treatments, none of which 
have proved definitely effective in con 
trolled trials Some experimental treat 
ments possibly prolonged the survival time 
of infected young pigs, but none hate 
significantly reduced the mortality Spon 
taneous recovery, which is characteristic of 
the disease in older swine, may sometimes 
give an erroneously good impression of the 
effectiveness of treatment of mature am 
mals 

IMMUNITY 

When sows that have lost their pigs 
from transmissible gastroenteritis are bred 
soon the next litters of pigs usually escape 
the disease Pigs that are bom a month or 
longer after an outbreak often live satis 
factorily These observations suggest that 
resistance or protection eventually results 
from the sow being exposed to the disease 
This protection is apparently transmiued 
to the pigs mainly through the milh The 
ability of the sow to transmit protection to 
the pigs probably lasts for less than a ^eir 
Serum from Teco\ered animals can inacti 
vate the causative agent tn vitro Howeier, 
such blood does not ha\e significant pro 
tectiie action when gisen to young p«g5 

EPIZOOTIOLOGY AND CONTROL 

The source of man) outbreaks cannot be 
determined In some instances it appears 


obvious that infection is brought in b) 
visitors from infected herds or by mo\mg 
machinery or other equipment from an in 
fected farm to an uninfected one If a 
central source of feed or water becomes 
contaminated witli the virus, extensive 
spread of the disease may result The im 
portance of apparently healthy carriers of 
infection has not been determined The 
fact that the disease is usuall) not a peren 
nial problem on a farm once infected, ex 
cept where there is continuous farrowing 
suggests that carriers are not common 
among swine 

The aintrol of an outbreak of transmis 
sible gastroenteritis is often impossible In 
many instances all that can be done is to 
ride it out’ until the outbreak is over 
and then breed the sows for the next 
farrowing Early in an outbreak it ma) 
be possible to move the sows tliat are to 
farrow completely away from the infected 
places and thus save pigs that would other 
wise die Continuous farrowing is not ad 
\isable while the disease is present Far 
rowing should be discontinued for about 
1 month or longer in order to help control 
the disease In some instances pregnant 
sous liave been intentionally exposed to 
infection earl) in an outbreak in order to 
make use of whatever resistance or protec 
tion that develops The sows arc exposed 
by feeding them gastrointestinal tract and 
other viscera from infected pigs It seems 
that about 15 da)'S or longer is required 
for the sou to develop the abiht) lo pro 
tect newborn pigs 
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by contact 


Like other viruses tlie virus of hog 
cholera is protein in nature but its cliem 
ical physical properties have not been fully 
investigated Electrophoretic tests slioiv 
that It eitlier carries a negative cliarge or 
IS carried to tlie anode pole by other 
migrating proteins (ScliAvarie 1935) 

CLINICAL SIGNS 

relative inactivity commonly termed 
slowness is one of the first CNternal signs 
observed m hog cholera infections (Table 
7 1) This is closely followed by a nnld to 
marked morcxia cliaractcrized primarily 
by 1 decrease in food consumption Later 
the anninl will come to the feeder cal 
lightly md then just nose around in uic 
feed until he decides to go back to h«s 
resting place 

If the animal s tcmpcnuirc is taken 
'vhen the first inactivity is noticed, a deli 
nuc fever will be in evidence ^\llhln two 
to SIX days after cxjxjsurc to the vinis the 


temperature of an infected animal usually 
rises above 104® F and may rcacli as high 
as 108® F (Fig 7 I) Although tcmiiera 
lures above 108® F have been recorded 
106® F IS more nearly representative of 
teiiipcratuies occurring during the course 
of the disease The peak of the tempera 
turc rise usually occurs between the fouri i 
and cigliih day of illness Concurrent with 
the itmpcralure rise there is a corresjiond 
iiiL drop in leukocyte count Total wlmc 
cell counts of 9 000 to as low as 3^000 per 
cii mm of blood may be noted The low 
cst count usually occurs on the fourth to 
ihc seven ih day after infection (Fig 7 J) 
Eirly in the course of the disease ilic 
eves show a marked disclurgc whicli is as 
seated with conjunciiviiis rhis «$ readily 
observed m white pigs and may proorcsi 
during the disease until the eyelids arc 
completely adhered In some iintancci a 
moderate to severe nasal discharge is cvi 
dciU and in dry weather crusts may form 
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tween 1846 and 1855 only 93 outbreaks 
were reported. The disease proved to be a 
cyclic plague, causing extensive outbreaks 
in 1887, 1896, 1913, and 1926 fOnin, 
1950). 

Atherton (1923) estimated the hog 
cholera loss for the United States in ani- 
mals alone from 1914 to 1924 to approxi- 
mate 415 million dollars. Quin (1950) 
approximated the annual loss at 30 to 40 
million dollars. The virus of hog cholera 
is still the cause of more swine deaths than 
any other infectious organism. 

ETIOIOGY 

The etiological agent causing hog 
cholera is a filtrable virus with the generic 
and species names of Tortor suis. 

The causative agent was first thought to 
be a gram-negative bacterium (Salmon, 
1899) which was eventually named Salmo- 
\ nella choleraesuis. In later investigations. 
De Schweinitz and Dorset (1903) showed 
the disease to be caused by a filtrable agent 
Confirmation and identification of the 
agent as a filtrable virus was made by 
Dorset et al. (1904) . 


Tile virus has a particle size of 22 to 30 
JTijx by direct measurements of electron 
micrographs (Reagan et al., 1951) and is 
classified among tlie smaller of the filtrable 
agents. It appears to be spherical in shape. 

The growth characteristics of die virus 
of hog cholera are limited to those shown 
by its propagation in tissue culture. Like 
other viruses, the causative agent of hog 
cholera cannot be groivn in the absence of 
living cells. It has been propagated in vilro 
in various living cells from swine. Hecke 
(1932) first grew the hog cholera virus in 
swine tissues, using die Maitland and 
Maitland (1931) plasma clot technic. 
Boynton (1946) obtained virus propaga- 
tion in cells from red bone marrou', serum, 
and modified Simms and Sanders saline 
solution. Frenkel el al. (1955) cultivated 
the virus in modified Tyrode's solution 
with suspended procine spleen tissue, Gus- 
tafson and Pomerat (1056) shotved finely 
discernible cytopathological changes in 
splenic cells used to culture the virus 
Dunne el al. (J957a) demonstrated tliat 
hog cholera virus can be gronn ^ 

leukocytes from peripheral blood. 


TABLE 7.1 

0CCURRE^CE OF CUNICAL SiONSOfHoC CmOLERA FroM THB Da^ Of EXfC5SURE TOTJJE VlRW 


Clinical Signs 


Decreased activity, “slowness” 
Temperature nsc 
Leukopenia 

Exudative conjunctivitis 
Huddling, piling 

VomiUoa 

Difficult rcspiraUon 
Convulsions. 

Consupatioi* 

Erythema 

Diarrhea • 

Weaving, mcoordmation 
Hcmorrhaces of skin . 
Cyanosis of skin 
Blotching of cars 

Alopecia (partial) . 

Death— pcraculc 
Death— acute eases. . 

Death— subacute cases 
Death — chronic cases 


Day of First 


Occurrence 

Course 

2-6 

Unlit death 

2~6 

Until tust before death _ , 

2~6 

May be inlcnnittent until ueatn 

4-7 

Until death 

4~7 

Until death 

4-8 

Until death 

4-8 

Until death 

5-8 

1 Seldooi seen after 12 dj>s 

5-8 

5-8 

1 Until death , . 

May become cjanotic before dcati. 

6-10 

Intermittent until death 

7-10 

Until death 

7-12 

Unul death 

9-14 

15-20 

Until dcuth . 

.May be micrmiitrnt until deaui 

25-30 

Until death 

4-7 

8-19 

20-29 

30-95 
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FIG. 7.3— A peculiar "blotching" of the eors, 
commonly associated with the more chronic 
type of hog cholero 

high temperature or otlier metabolic dis- 
turbances cause a loss o£ bristles over much 
of the skin of tlie pig. Animals thus af- 
flicted are almost certain to die. 

On occasion, convulsions may be assoa- 
atcd widi hog cholera. This has been re 
ported to be caused by a specific strain of 
virus, (Dunne et al. 1952a) but has been 
observed, titough less commonly, in cases 
caused by other strains (Dimock, 1916; 
Brunschwiler, 1925). The clinical signs 
are characterized by a stiffening of the 
body, prostration, and violent running 
movements (Fig. 7.4). These actions may 
he sporadic or may occur sufficiently close 


together to be considered continuous con- 
vulsions In all cases the animal appears to 
be in great pain at tlie time of the spasm. 
Although such signs of the central nervous 
svstein involvement are usually associated 
with early death, an animal may pass 
through a period of convulsive activity and 
live for many days. 

Hog cholera is most commonly an acute 
disease with the course of infection ter- 
minating in death between 10 and 20 days 
after exposure to the virus. In peracute 
cases deatlis may occur as early as 5 days 
Tlie course may be extended beyond 20 
days, in which case, the infection may be 
classified as more subacute than acute. 
Arbitrarily, cases lingering longer than 30 
days can be called chronic. Swine have 
been known to survive for 95 days before 
dying witJi chronic hog cholera (Dunne 
etal, 1955). (See Table 7.1 ) 

PATHOLOGICAL CHANGES 
Pothogenesis 

The virus of hog cholera is highly in- 
vasive as well as quite virulent. It ap- 
parently enters the body either through the 
upper digesuve tract or tlirough tlie re- 
spiratory system. Schwarte and Mathews 
(1954b) demonstrated that respiratory in- 


FIG. 7.4— Lafe stages of c 
''wlsion in a pig infected 
"09 cholera Running i<i 
f^ents are beginning and the am 
niQl has a "wild look" in its eye 


con 

with 

move 
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on the nose, severely impeding the passage 
of air. 

Early in the disease and associated with 
the initial rise in temperature, infected 
animals become constipated and pass hard 
fecal pellets. Follotving a brief period of 
constipation a severe, watery, yelloivish- 
gray diarrhea usually occurs. Often at this 
time, there is some evidence of vomition. 
Ascarids may be found in the vomitus 
and in the feces. Later, in uncomplicated 
cases, constipation may recur. In colder 
weatlier and sometimes even in hot weather 
the sick pigs will pile upon each other. 
This is particularly true just before the 
animals become moribund. During ter- 
minal stages of the disease sick pigs show 
a particularly noticeable weaving, stagger- 
ing gait, which appears to be directly re- 
lated to a weakness in the hind quarters. 
This is usually followed by a posterior 


paresis. Therefore, death is hastened by lire 
inability of the animal to obtain uater 
and food. 

Active hyperemia of the sUn develops 
relatively early in the disease and is quite 
noticeable in wliite hogs. This is usually 
concurrent vrith the initial temperature 
rise- A purplish discoloration, uhich ex- 
tends over tlie abdomen, tlie snout, the 
ears, and the medial sides of the legs, oc- 
curs later in the disease near the terminal 
stages. A peculiar “blotching" effect on tlie 
ears may occur in acute infections but is 
more often seen in the more dironic cases 
(Fig. 7.3) . In these instances, the discolor- 
ation may come and go as tlie animal 
alternately becomes more sick, shows im- 
provement, and then inevitably relapses 
and dies. Chronically sick pigs often suffer 
from a partial alopeda diaracterized by 
a thinning of tlie bristles. Apparently the 
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to almost black in color Other lymph 
nodes, notably the mesentenc and colic, are 
frequently characterized by peripheral 
hemorrhage On occasion, all lymph nodes 
may show peripheral heraorhrage Lymph 
nodes thus afflicted are described as mot 
tied or ‘’strawberry like ’’ The intensity of 
hemorrhage vanes with the type of disease 
Peracutely and chronically infected am 
mals often die with little or no appearance 
of hemorrhage Acutely and subacutely in 
fected animals usually manifest a relatively 
severe hemorrhage of tlie lymph nodes as 
well as other organs and tissues Secondary 


invasion by bacteria in all cases appears to 
increase the degree of hemorrhage which 
occurs 

The tonsils of the pig like tliose of the 
human being are subject to a variety of in 
fections, particularly those of a suppurativa* 
nature In hog cholera, hmvever, tJiere ap- 
pears to be a necrosis of the tonsils winch is 
believed by Maurer (1956) to be caused by 
infarction Experimentally, tonsillitis has 
been recorded m 38 per cent of 84 cases as 
shown in Table 7 3 The condition may ap 
pear early as a mild inflammatory reaction 
but develops later into a severe bilateral 


TABLE 7 2 

Frequency op Occurrence of Gross Lesions in Organs and Tissues of Choeera Affected S\ven£ ' 



Artifiaally Infected 

Naturally Infected 

Combined Senes 


Senes 

Senes 

(Senes A N 

















Per Cent 

No 

Per Cent 

No 

Per Cent 


Shovnne 

Showinj; 

Showmg 

Showing 

Showing 

Showing 

Organ and Tissue 

Lesions 

Lesions 

Lesions 

Lesions 

Lesions 

Lesions 

Kidney 

46 

95 8 

263 

91 9 

309 

92 5 

Unsary bladder 

46 

95 8 

232 

77 6 

278 

83 2 

Lymph nodes 

44 

91 6 

235 

82 1 

279 

83 5 


33 

68 7 

168 

58 7 

201 

60 2 

Larynx 

32 

66 6 

167 

SB 3 

199 

59 6 

Lungs 

29 

60 4 

121 

42 2 

150 

44 9 


20 

41 6 

71 1 

24 8 

91 

27 2 

Inflammation 

7 

14 5 

128 

44 7 

1 

135 

40 4 

Large intestine 



71 




Hemorrhage in mucosa 

11 

22 9 


82 

24 6 


3 

6 2 





Inflammation 

2 

4 1 






5 

10 4 

92 

32 1 

97 

29 0 

Liver 

Small intestine 

3 

6 2 

t 

29 

t 

10 1 

31 


Hemorrhage m mucosa 

2 



HemotTha^r in serosa 
Inflammation 

4 

1 


1 

3 

1 

3 




27 


29 

8 7 


2 

4 1 


Hemorrhage in serosa 
Inflammation 

1 \ 

1 1 

2 0 

11 

3 8 

12 

3 6 

Skint 

i 


I 




Cyanosis and 
h>'pcremia 

10 

20 8 

64 

22 4 1 

84 I 

23 1 


• KcmLamp 

f Insuflicicm data for comparauve anal>»a . . • , 

{ Cyan«.s and Inpcrrm.a m Chc skin arc difficult to r^ni« in »wnc will, pnjmcnic | ikini 
therefore, the %aluc of thTs sUtist.c is not comparable wiUi cti.en »n tins ubie 
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fection was possible in controlled experi- 
ments. Under natural conditions, however, 
it is quite probable that most infections 
develop from exposure of the oral mucous 
membranes to virulent virus contained in 
infected food or water. It appears that the 
virus is capable of penetrating the un 
broken membranes of the respiratory and 
tonsillar areas, and entering Uie blood 
stream. Penetration of the virus through 
the stomadi or intestines has been shown 
to he improbable by the experiments of 
Dunne et al. (1957b), in which virulent 
blood virus was introduced into the stom- 
ach by means of a double capsule without 
producing hog cholera. 

Evidence has been presented to show 
that leukocytes of the peripheral blood are 
capable of being infected and of propa- 
gating the virus. Regional lymph nodes, 
examined microscopically, show an in- 
creased number of polymorphonuclear 
leukocytes within 5 hours following an 
intravenous injection of hog cliolera virus, 
(Luedke and Dunne, 1957) . Lymph nodes 
are tlie first tis$ues to show microscopic 
changes in the form of enlargement and 
hemorrhage Blood samples taken 15 
minutes following an intravenous injection 
of the virus, have been shown to be in- 
fectious. At 30 minutes post-inoculation the 
blood was innocuous. Blood taken at 5, 8, 
and 13 hours after infection was also in- 
nocuous, but the samples taken at 16 and 
18 hours produced hog cholera (Dunne 
and Luedke, 1957). It appears that at this 
time a high number of the cells of the 
reticular endothelial system are infected. 
The virus reaches a peak of concentration 
in the blood between 6 and 8 days after 
infection (Cole el al., 1946). 


GROSS LESIONS 

The pathological picture which ij 
[ormed with the increasing conMntratton 
o ™irus is one of a septicemte disease 
cltaracteriaed by pct'^hial and ec^ymottc 
hemorrhages. The circulation oi the Wood 
becomes sfowed: blood 

hydropic degeneration of the em o- 


thelial cells; and hemorrhages occur with 
varying intensity. In peracute cases it is 
often difficult to discern any evidence of 
hemorrhage in an infected animal. In 
cases witli a somewhat longer course, how- 
ever, an animal may demonstrate severe 
hemorrhages throughout Jts entire system. 
Hemorrhages are found most constantly in 
the kidneys and lymph nodes, occurring 
less constantly in the other organs and in 
the skin. The frequency of occurrence of 
hemorrhages and other lesions is showm in 
Tables 7.2 and 7-3 as observed by two 
separate investigations, Kernkamp (1939a) 
and Dunne et al. (1952a) . Considerable 
variation in die percentage figures is noted. 
This difference may be assodated with the 
susceptibility of the pigs, the strain (or 
source) of virus, the method of infection, 
the time of year, the conditions under 
which the sick animals were maintained, 
and, most importantly, the exposure to 
secondary infection. There is little doubt 
tliat secondary invaders intensify the le- 
sions of hog cholera and even cause other 
lesions to appear. 

Frequently, early in the disease, the sLin 
is discolored by a marked erythema. As the 
disease progresses the eryihein.i becomes 
cyanotic with the slowing of the blood. At 
times ecchymotic Iiemorrhages may occur 
on the medial sides of the legs, on tlie 
domen, and even extend up the sides of 
the animal. Secondary infection is beJitned 
to play an important part in die occur- 
rence of some of these cutaneous, subcu- 


taneous, and serous hemorrhages. 

The lymph nodes ordinarily arc the 
tissues to show microscopic pailiologjca 
changes, and are among the tissues wJu ' 
are the most constant in the dcvelopu'cn 
of lesiam In the early stages of il»c ** 
ease, the lymph nodes appear to 
what enlarged and edematous. J 

there is evidence of hyperplasia, congcju • 
and hemorrhage. Lymph ‘ ^ L* 

tile parotid, submaxillary, ccniai, 
chial. iliac, and superficial f . 

eraily manifest a diffuse type of 
rh.ige. These nodes m.ny be inodcratcty 
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necrotic tonsillitis Sometimes the necrosis 
IS aggravated by weed and wheat barbs 
which become lodged m the tonsillar crypts 
In many instances bacteria stimulate a sup 
putative reaction Primary suppurative ton 
sillitis does occur in the pig, but in hog 
cholera infected swine suppurative tonsil 
htis IS more likely to be the result of a sec 
ondary bacterial invasion of diseased tissue 

Hemorrhages of the epiglottis and larynx 
appear to vary with the conditions under 
which the disease is observed Hoskins 
(1916) recorded 75 4 per cent of 500 swme 
artificially inoculated with the virus of hog 
cholera as having some degree of laryngeal 
hemorrhage As shown in Table 7 2 the le 
Sion was found in 60 2 per cent of 334 arti 
ficially and naturally infected swine Table 
7 3 shows that laryngeal hemmorrhages of 
the epiglottis (and larynx) occurred in only 
23 8 per cent of 84 experimentally produced 
cases More than 60 per cent of these were 
limited m nature 

Approximately half of the pigs suffering 
from acute or subacute hog cholera exhibit 
some degree of acute bronchopneumonta or 
congestion of the lungs Under ideal expcr 


zmental conditions this occurs less often 
Ecchymotic hemorrhages of the lungs ire 
not uncommon but their frequency of oc 
currence appears to vary considerably witli 
the conditions and complicating infections 
Pleuritis may be present as die result of a 
secondary invasion by bactern Atelectasis 
and interstitial edema are only of minor 
importance as lesions of hog cliolera 
The heart is usually flabby, shows some 
myocardial congestion and, on infrequent 
occasions, coronary thrombosis Hydropcri 
cardmm fibrinous pericarditis, pericardial 
hemorrhages and endocardial hemorrhages 
are more commonly associated with comph 
eating bacterial infections 

Lesions of die kidney occur more fre 
quently in hog cholera than any other path 
ological change These may occur on the 
subcapsular surface of the kidney in the 
form of sparse petechial hemorrhages 
which because of their smallness and lack 
of numbers (sometimes as few as 2 or 3) 
may be difficult to detect In die other cx 
treme they may occur as numerous ccchy 
inotic. turkey egg hemorrhages ranging 
in size to 2 mm in diameter (Fig 7 5) 


fIG 7 5— Severe ' turkey eflS ‘ 
ecchymotic hemorrhages of the 
kidney most often seen tn com 
plicated hog cholera infections 




TABLE 7 3 

SvmtARY op THE Gross Lesions op 84 Pxcs Experihbntalev Infected With Hog Choixra * 


Lesion 


ConjuncUviUs 

Erythema 

Subcutaneous hemorrhage 
Lymphatic peripheral hemorrhage 
Lymphatic diffuse hemorrhage 

TonsiUitis 

Epiglottis — pctcchiation 
Hydrothorax 
Hemothorax 
Hydropen toneum 

Thymus — petechia tion 
Hydropcncardmm 
Epicardial pctcchiation 
Myocardial degeneration 
Coronary occlusion 

Fibrinous pericarditis 
Pleuritis 

Bronchopneumonia 
Pneumonic ecchymosis 
Intentiual edema 


Atelectasis 

Peritonitis 

Gastritis 

Gastric edema 

Gastric serosa petechiauon 

Gastric mucosa pctcchiation 
Enteritis — small intestine 
Severe intestinal serosal and mucosal 
petechiaCion 

Cohus ceatis, diffuse necrotic 
Acute colic ulceration 


Button ulcers 
Colonic petechiauon 
Nutritional cnteritu 
Acute catarrhal colitis 
Hemorrliagjc colitis 


Splenic infarction 
Renal cloudy swelling 
Renal petechiauon cortex 

Renal cortex ecchymosis 

Renal pyramids ecchymosis 


Hmatlc' fatty metamorphosis 
ChokeysUe congBtion 
Cholecystic petechtauon 
Cholecystic ecchymosis 


Hcpauc scars 

Ascariasis 

Cystic petechiauon 

Cerebral coog«»0" mesentery 

Pctcchiation of omentum «iu 

• Dunne et d , 1952a 



Moder 



Per Cent 

Mild 

ate 

Severe 

Total 

of Total 

10 

24 

25 

59 

70 2 

11 

9 

5 

25 

29 8 


1 

1 

2 

2 4 

17 

15 

8 

40 

47 6 

12 

33 

15 

60 

71 4 

11 

13 

8 

32 

38 1 

13 

5 

2 

20 

23 8 

5 

9 

0 

14 

16 8 

2 

3 

0 

5 

6 0 

2 

6 

1 

9 

10 7 




1 

1 2 


3 

1 

10 

11 9 


5 

4 

11 

13 1 

19 

1 

9 

2 

30 

35 7 

2 

0 

3 

3 6 


3 

1 

4 

4 8 



0 

2 

2 8 

30 

12 

7 

49 

58 3 

5 

7 

13 

15 7 

0 

0 

1 

1 

1 9 

3 ' 

2 

0 

5 

6 0 



3 

3 6 

16 1 

13 

9 

33 

2 

45 2 

2 4 

0 

2 

1 

3 

3 6 

1 

9 

4 

5 1 

2 

1 

7 

13 

8 3 

IS 5 

0 

6 

1 

5 

0 

3 

1 

14 

1 2 

16 8 

1 2 

0 

0 

1 



7 

1 

3 

9 

1 

5 

4 

0 

7 

5 

4 

? 

2 

17 
i 9 

3 

18 

3 

20 2 

10 7 

3 6 

21 4 

3 6 

5 

9 

25 

3 

8 

'1 

19 

0 

7 

5 

2 

10 

10 

9 

23 

14 

54 

13 

24 

27 4 

16 8 

64 3 

15 5 

23 6 

0 

0 

2 

3 

2 

2 

6 

1 

3 

2 

0 

0 

0 

3 

J 

2 

6 

3 

9 

5 

2 4 

7 1 

3 6 

10 7 

6 0 

2 

2 

40 

15 

14 

6 

22 

31 

4 

3 

4 

15 

20 

11 

66 

6f 

23 8 

13 1 

78 6 

72 6 

1 2 

0 
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FIG 7 7 — Severe button ulcer 
formation in the colon of a pig 
experimentally infected with hog 
cholera 



have concentric lines (Fig 7 7) Shown to 
be associated with small infarctions m the 
intestine (Dunne et al , 1952b), this lesion 
IS believed to be diagnostic of hog cholera 
The lesion was shown to begin as a small 
indiscernible necrotic area to which small 
fecal plaques adhere (Fig 7 8) Later 
secondary infection sets in and the circular 
lesion progressively becomes larger as 
exuding mucus combined with cellular 


and fecal debris becomes encrusted over 
the eroded surface 

Altliough hog cholera virus cannot be 
given full credit for the generalized necrotic 
enteritis that is associated with the virus in 
fection It does predispose the animal to 
bacterial infection Generalized necrotic 
enteritis is certain to complicate tlie patho* 
logical picture of hog cholera if the proper 
microorganisms are present and mucosal re 
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More frequently occurring tlian eillier of 
these extremes is tlie mildly to moderately 
petechiated Udney whicli is so characteris- 
tic of uncomplicated hog cliolera (Fig. 7.6) . 
While hemorrhages of the medullary por- 
tion of the kidney are less common than 
those on tlie surface of the cortical area, 
they do occur with relative frequent) in the 
form of petechiae and sometimes ecchymo- 
ses. They may be seen in the pyramids of 
the kidney as well as in die hilus. Infre- 
quently the hilus may be filled with blood. 
Lesions are found to be equally distributed 
in both kidneys. If the animal receded for 
necropsy is dead> and had lain on one side 
for a period of time, the kidney (and other 
tissues sucli as the lymph nodes) on die 
ventral side will show increased hemorrhage 
as compared to tlie kidney or other tissues 
on the dorsal side. This is due to a h)drost.r* 
sis of the blood, which tirains from the 
upper tissues and engorges those beneath. 

Tile ureters seldom show pathological 
changes. A few pctccliial iieniorrhages and. 
on rare occasions, distention of the ureter 
with blood from hemmorrhages in (lie kid- 
ney arc the only lesions observed. The uri- 
nary bladder may show a variety of hemor- 
rhages and congestion. Mild to moderate 
congestion is commonly observed. A few 


petccliial hemorrhages are present in ihe 
majority of cases. Ecch)moiic heniorrh.igo 
develop less frequently, and sulfusc hemor- 
riwges are seen only occasional!). 'Hie lat- 
ter two lesions occur more comnionl) iriicu 
secondary bacterial infection is present. 

If an animal dies of hog diolera, die sioin- 
adi is usually empty except for a yellow, 
bilious fluid and a small amount of feed or 
fiber. Numerous ascarids at times may be 
found in die stomach contents. The fundus 
often is markedly congested and hcmonlug- 
ic. Tlierc may be evidence of a mild to 
severe erosion of the mucosa. Threads 
of clotted blood may be aitadicd to pcic- 
diial heniorrhagcs in the mucosal sur- 
face. 

The small intestine seldom shows mote 
than a mild to moderate catarrhal cnicriiis- 
^^csenle^ic blood vessels to all inicstmcs, 
however, are usually markedly engorged 
Occasionally subserous ccdiymoitc and suf- 
fuse hemorrhages occur in cither the small 
or die large intestines or both. 

The large intestine displays a variety of 
lesions. Of these lesions, dte most pathogno- 
monic of hog diolera is the bniion ulcer. 
Occurring most frequently in the first paii 
of the colon, die button nicer is .m rnciuvt 
cd, circul.ir, raised lesion which aj>{)cars lo 
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It IS apparent that the lesions ivere not 
outstanding m more tlian half of the acutely 
and subacuiely infected pigs The chronic 
type lesion occurred in almost 90 per cent 
of tile cases which lingered longer than 30 
da)s from the time of infection 

Acute rib changes arc sometimes easily 
missed Often tlie white line m acute cases 
does not show distinct enlargement, but the 
bone marrow just proximal to the white line 
may reveal a hemorrhagic band winch is 
quite friable when touched with the point 
of a knife 

Grossly, the subacute lesions appear to be 
an irregular widening of the white line at 
the costochondral junction At times this 
is not pronounced In other instances the 
line may be almost 2 mm in width The 
cartilage is separated from the bone mucli 
more easily than in normal animals The 
undeveloped bone at the area of separation 


IS friable to the toucli The entire area of 
the junction appears white 

Figure 7 10 compares normal ribs. A, 
with hog cholera damaged ribs of pigs 
acutely infected, B, and subacutely m 
fected, C The thin white line at the costo 
cliondral junction shown by the arrow in A 
is in striking contrast to the widened 
epiphysial lines shown by the arrows in 
D and C 

The bone lesion in animals chronically 
sick with hog cholera is observed to occur 
as a marked transverse line of semisolid 
bone structure across the rib from 5-10 
mm proximal from the costochondral junc 
tion (Fig 7 11) The animal from which 
these ribs were taken was ill for 38 days 
prior to death from hog cholera 

A primary acute reaction of the disease is 
diaracterized by a marked increase in blood 
phosphorus and a decrease in blood cal 


FIG 7 10— Longitudinal sec 
tions of ribs from (A) a normol 
pig, (B) a pig acutely infected 
with hog cholera, and (Cl a 
pig subacutely infected with 
hog cholera Note the nar- 
row regular epiphysial line 
(arrow) of the normal rib in 
A, the hemorrhagic zone in B, 
and wide, white line in C 
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sistance is lowered sufficiently The ox^n 
isms find easy access through the intestinal 
mucosa whidi is afflicted with catarrhal in 
flamniation, petechial hemorrhages, and in 
Earction The contents of tlie large intestine 
of the hog cliolera infected pig vanes from 
a natery yellow liquid to hard, adhering, 
mucus covered fecal pellets 
The livers of pigs naturally infected with 
hog cholera are generally darJ., congested, 
and swollen Ordinarily many ascand scars 
are present giving tlie organ a mottled gray 
ish appearance The gall bladder is fre 
quently shrunken but in some cases is mark 
edly distended The bile most often is tluck 
and tenacious Occasionally, however, it 
may be quite fluid in consistency At limes 
small, button, ulcerhke lesions have been 


observed on the mucosa of the gall bladder 
(Luedke and Dunne, 1957) Small petechial 
hemorrhages also may be found 
Infarction of the spleen, resulting from 
tile disruption of the flow of blood, is a Ic 
Sion which is considered almost patliogno 
momc of hog cholera Infarctions occur as 
variable sized dark blebs, usually on the 


periphery and apex of die spleen, and arc 
raised slightly above the surrounding sur 
faces (Delez, 1933) 

Infarctions may occur as single lesions on 
tlie periphery or on die flat surface of die 
spleen (Fig 7 9) Frequently diey occur as 
a series, coalescing to form a continuous 
border of infarcts along the edge of Uic or 
ffan At times the spleen is darkened along 
periphery as if die area \scre infarctcd 
but not >ec fully engorged with blood In 
other instances, when die animal has been 
dead for some ume before autopsy, the ad 
sorption o£ h)drogen snU.de from Uic ad 


jacenc intestines and the stoniacli causes 
early discoloration Congestion of the 
spleen occasionally may occur, but tins is 
seen more often, in other diseases sudi as 
salmonellosis and swine erysipelas The 
spleen becomes enlarged and darkened 
when congested 

Frequently numerous bright red capillar) 
tufts occur on die splenic surface, usually on 
the underside Some investigators liaie at 
tached diagnostic significance to these bright 
vascular entities, but since they have been 
observed m apparently normal suine, diar 
significance as a lesion of hog cholera is 
questioned (Kernkarap, 1939a) 

Gross lesions of the brain are limited al 


most entirely to congestion and occasional!) 
a few hemorrhages, pnmardy of die men 
ingeal vessels At times, an inaeased num 
her of bleeding points may be observed. 

A disturbance of caJaum and phosphorw 
metabolism is manifested by an mterrup 
non of bone growth at die costodiondral 
junction in weaned pigs infected with hog 
cholera (Dunne et o/, 1957c) The lesions 
arc of 3 distinct types — acute, subacuiC/ 
and chronic The acute and subacute 
sions appear at die epiph)5ial line of the 
costodiondral junction When present, ihc 
lesion is observed in most of the nbs, hut is 
most constant in die lifdi dirough ninth 

The acute and subacute type of lesions 
cur most frequently In 179 acute and su 
acute cases, the gross lesions were obscnci 


m tbe following order 
No gross lesions 
Mild rib clianges 
Modente rib changes 
Moderate to severe 
Severe 


m^o 

21 

2Sr^ 
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FIG. 7.11— LongiJudinol *ec- 
tions of ribs from pifl* 
hod been chronicolly ill wiih 
hog cholera, showing o Irons- 
versa lino of colciferous de- 
posits approximately 1 
from the costochondrol icnc- 


cium.EvelethandSclmarte {1939) demon- 
stinted a decrease in plasma calcium and an 
appreciable rise in total cell phosphorus. 
TOs uas confirmed by Dunne et «l. 

Ti957c) who showed that die cliange m 

ionLntradon became evident on about 
the sixdi day after infection. 

HISTOPATHOLOGY 
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ation (Fig 7 16) with a few foa of 
microglia were found to occur with great 
est frequency and seventy m the thalamus 
and medulla (Dunne et al , 1952a) Le 
sions appeared to be most severe between 
the tenth and fourteentli day after infec 
tion 

A marked histological clnnge occurs at 
the epiphysis of the ribs of infected pigs 
The microscopic examination of the costo 
cliondral junction of a nb from a pig 
subacutely infected with hog cholera (Fig 
7 17) shows a markedly enlarged area of 
mature cartilage cells (B) between the 
zone of cartilage cell multiplication (A) 
and tlie irregular trabecular bone (C) 
The irregularity of tins junction of fra 
becular bone and the zone of lacunar en 
largement is quite evident upon gross 
examination of the infected nb 

In comparison witli the nb from an m 
fccted pig a microscopic examination of 
the normal nb structure at the costodion 
dral junction (Fig 7 18) reveals a small 
zone of lacunar enlargement (ZJ) between 
the zone of proliferating cartilage (/f) and 
normal bone marrow (C) 

diagnosis 

Several factors make the diagnosis of liog 
cholera difficult, The signs and lesions of 
this disease arc in many wajs similar to 
those seen in swine ctysipchs, scpticcmic 
salmonellosis, pistcurcllosis and strepto- 
coccosis If African swine fever v\crc pres 
till m this countr) the marked 5imilarii> 
of us lesions to iliosc of hog cholera v%ouUI 


offer even greater complications to dng 
nosis 

The inconstancy of die occurrence of le 
sions in hog cliolera also contributes to the 
diignostic dilemma known infected pigs 
have been examined whidi showed almost 
none of die lesions considered diagnostic of 
hog cholera 

The simultaneous infection of swine with 
hog diolera virus and other septicemic or 
ganisms offers problems of no small concern 
to the diagnostician The isolation of the 
complicating organism does not eliminate 
die possibility that the hog diolera virus al 
so might be present 

Making diagnosis even more thiricult is 
the fact that die pig is the only animal 
known to show clinical symptoms of hog 
diolera The use of pigs as laboratory am 
nials for diagnosis is limited by niconvcni 
cncc and expense 

No completely satisfactory laboratory 
test IS presendy available for use in hog 
diolera diagnosis The only tests for the 
presence of hog cholera vims generally ac 
cepted as diagnostic aids arc the lotil 
Icukocvte count to detect the presence of 
a leukopenia and die histological exami 
nation of the brain for perivascular culfing 
Both tests have their advantages and their 
limitations These vviU be discussed htcr 
III the chapter 

Ihc culture of infecting bictcria on ar 
tificial media even when |>osuivc tlocs 
not chniinatc the jxissibiluy of a cotxisiiiig 
infection with the virus of hog cliolcri 


FIG 7 16— Arteriolo tn medulla 
oblongata showing heavy perl 
VQKulor cuflmg wtih partial oc 
elusion of vessel lumen Kemo 
toayiin eosin X 660 
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agulation is obsened ivilh congested anas- 
tomosing vessels conspicuous in the dying 
tissue. Other congested vessels are apparent 
in the more nearly normal tissue at either 
side of the dj ing area and in die submucosa. 
Leukocytic invasion of the more nearly nor- 
mal tissue at die periphery of die infarcted 
area has just begun. There is a lack of cellu- 
lar detail in the necrosed tissue; whereas, 
invading leukocytes and living cells are evi- 
dent in the lower portion of the section. A 
somewhat later stage is depicted by Figure 
7.13 in which an invasion of leukocytes is 
quite evident in the submucosa and in the 
living tissue at the side of die necrosing 
area. 

A massive invasion of leukocy tes in Figure 
7.1 1 appears to have forced a plug of ne- 
crosed mucosa out of the normal position 
and into the intestinal lumen. Still at- 
tached, the plug of mucosa sliows faint evi- 
dence of desiro)cd crypts, while a boundary 
of degenerating leukoc)ics and cellular de- 
bris may be observed at the base. Evidence 
of the eruption is further seen in the posi- 
tion of the muscularis mucosae which has 
cuned upward towatxl the lumen in the in- 
flammatory process. At the base of the 
lesion a large artery is seen. High magni- 
fication of this artery in Figure 7.15 shows 


marked hjdropic degeneration of endo- 
thelial cells hindering die passage of blootl 
through die lumen. 

Subsequent loss of die necrosed plug is 
followed by invasion of die ulcerated area 
by intestinal bacteria eventually resulting 
m the formation of die topical button 
ulcer. 

Encephalitis is characteristic of hog cliol- 
era infection in pigs. M)cliiis occurs also 
but to a mucli lesser extent. Brunsdiwilcr 
(1925) described die principal microscopic 
lesion of tlic brain as a vascular and perivas- 
cular infiltration widi endotliclial sucliing 
Rohrer (1930) confirmed dicsc findings and 
indicated the occurrence of these Icvions in 
75 per cent of the cases examined. Scifncvl 
(1931) described a mononuclear infiliraiion 
of i!ie perivascular spaces of the parciiclnnia 
and of the spinal cord, as well as niiao' 
scopical hcmorrliagc around the vessels not 
showing peril. isailar infiltration. Ilcinv 
boJdt and jungherr (1950) found tint l^ 
sions of the brain .assockiied with luv 
choJera were primarily in the nicuxlcnn 
and consisted of vascular and |>crivas<iibt 
ctdls, microgliosii, Icptoi»t*ningc.vl infil* 
irates, capillary hemorrhages, ami hvalini 
ration of the v.ascular wall. T>j)ical jicti* 
v.iscular cuifing and endotliclial proUhr 
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Diagnostic Signs 

The signs of hog cholera were described 
earlier m this chapter All signs are im 
portant in arriving at a diagnosis but some 
are considered particularly useful 

The discharge of the eyes, which is easily 
detected in white pigs, and the incoordi 
nated, ‘ weaving ’ gait are charactenstjc of 
pigs sick with hog cliolera These may oc 
cur in other diseases but to a lesser extent 
than m hog cholera Infected pigs tend to 
pile, even in warm weather, but when 
standing have a depressed appearance with 
a drooping tail and hanging cars (most 
breeds) Their appetite is markedly de- 
creased Complete anorexia is not uncom 
mon Swine erysipelas infected pigs seldom 
pile in any weather and early m the disease 
have a definite bright, alert appearance 
Such pigs differ from hog cliolera infected 
pigs m that they bear their weight on dieir 
toes when standing, frequently shifting 
from one leg to another apparently to re 
lieve pain These animals soon return to 
a lying position The hog cliolera infected 
pig also differs from pigs infected with 
most other diseases m that it frequently 
'vomiis 

Convulsions ifiough not of common oc 
currence, likewise are not extremely rare 
The recognition of this symptom is impor 
tani not from the standpoint of a positive 
identification of hog cholera but rather 
from the fact that convulsions do not mean 
the positive identification of some oilier 
disease 

The ycliouishgray diarrhea of hog cliol 
tra IS seldom seen in swine erysipelas or 
streptococcosis Discoloration of the skin 
"iih hyperemia or cyanosis is common m 
hog cholera Severe generalized htmor 
rlngcs of the dcniiis seldom occur in pure 
hog cliolera virus infections I’runar) or 
secondary infection v^ith pastcurcUa, sal 
inonclla, or streptococci, usually arc rc 
*I>otmblc for the severe dermal hemor 
rhigcs. Hog cholera infected pigs do not 
show a slougluiig of the tail, can, or skin 
except v»hctc animals prcviouily have l>cen 
cxjjoicd lo Frynpelothrix f/iuiio/xjt/ii<ir or 


some oUier necrotizing factor Neither are 
there diamond skin lesions, welts, urtiairis] 
rash, nor swollen joints 

Pigs clironically ill with hog cholera fre 
quently display a blotching of the ears 
wludi IS not constant, but when present 
can be considered important diagnostically 
Such pigs may manifest a partial alopecia 
and a very scrawny appearance Recovery 
is improbable 

The temperatures of pigs sick wnb bog 
cholera generally range from 101o-I0r>°r 
However, both lower and higher tempera 
turcs are not uncommon ExpcrimcnnHy 
temperatures of 109° F have been rc 
corded but such temperatures are rcli 
uvely rare Swine erysipelas tends to cuisc 
a generally higher tempentiirc than hog 
cliolera early in the ihscase (107°-109oi ) 

A leukopenia is cluractcristic mil dug 
nostic of hog cholera and is discussed under 
laboratory tests 

Course of Disease 

Hog cholcn IS not ordimrily a pcncuu 
type of disease Deaths usually do not oc 
cur within ten days following infection 
whereas pigs acutely infected with swiiu 
cryst})cl IS often die wainn seven days 1 re 
quently weanling pigs infected witJi swine 
erysipelas have been found dead in the lot 
without having been observed to be sick 
Dorset (1921) in repeated trials found 
tint susccjitible pigs siinult uiemis!) in 
fccictl with filtered vmis of hog diolcra 
iiitl live cultures of Snlmmiella rholcnir 
silts suffered a much more icuic disease 
than that observed folloising virus injic 
non alone Deilli occurred in five lo seven 
days in Uic simultaneous infection 

losfons of Diagnostic importance 

Although three distinct types of lesions 
of iyinpii iioilcs have been dcsczjliol only 
the niotilcd ' lymph nodes vsith (Knphrral 
lienionhagc can comidercil of diagnos- 
tic value in hog cholera infccnon H 
though tcjioitctl to occur infrnjucntly m 
other infccno/is. />c/ipiiezaJ hcmotjbj,,c 
occurs in the lucscmcric lymph iiotici wiili 
iiutkrd iietjuency m hog cliolera 



128 Section tl VIRAL DISEASES 


Therefore, a positive bacteriological cul- 
ture indicates a bacterial infection which 
may be either a primary infection, a simul- 
taneous infection vvitli hog cholera virus, or 
a secondary invasion of a pig already ill 
with hog cholera. 

Case History 

Hog cholera progresses through a rather 
definite course; and case history is quite 
valuable in diagnosis. Since hog cholera is 
the most lethal of all swine diseases it 
should not be overlooked in a susceptible 
herd. Hog cholera should be suspected if 
large numbers of unvaccinated pigs become 
ill at one time or if there is a history of 
one pig being sick or dying in the week 
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preceding a general illness in the herd. In 
the recently vaccinated herd there may be 
a history of illness or death just preceding 
vaccination. The use of virulent virus in 
vaccination has at times been followed by 
losses which have been associated with 
complicating infections and heavily para- 
sitized swine. A history of movement of 
swine onto the premises or the feeding of 
unaroked garbage from the home or from 
other sources may suggest hog diolera in- 
fection in a herd showing severe illness. 
The most convincing evidence to be ob- 
tained from case history is tlie report of 
no clinical symptoms in immune animals 
which are in contact with the infected 
herd. Also important is a history of re- 
covering animals, for recovery is relatively 
rare in hog cholera. 
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of one and one Inlf liours (Cole, 1932) 
Necrotic enteritis can cause a leul^ocylosis 
in hog cliolera infected pigs (Lewis and 
Shope, 1929) Primary pneumonia may 
delay but not prevent the occurrence of 
leukopenia Swine er)sipelas or strepto 
coccus infections occurring simultaneously 
with hog cholera tend to promote leuko 
cytosis (Dunne, 1948) Swine miluenza 
produces a mild leukopenia but not nearly 
to the degree seen in hog diolera (Sippel, 
1952) 

The microscopical examination of the 
brain has been shown by Helmboldt and 
Jungherr (1950) to be of significant value 
in the diagnosis of hog cholera The major 
limitations he in the fact that other dis 
eases free of active hog cliolera have been 
shown to produce similar lesions (Jones 
and Doyle, 1953) Segrc (1957) used 
gamma globulin from the serum of hyper 
immunized animals and adsorbed it onto 
particles of the anion exchanger. Amber 
lite IRA-400 The particles thus coated 
were adsorbed onto materials containing 
the specific viral antigen Hog cholera was 
detected in the serum of experimentally 
infected pigs as early as 3 da)s after m 
fection This test, though m an expert 
mental stage, may prove to be useful in 
the diagnosis of hog cholera 

Numerous other tests with varying use 
fulness have been reported Bojnton el al 
(1941a) described a staining technic which 
disclosed inclusion bodies in the mucosal 
cells of the gall bladder He indicated that 
the bodies were demonstrable by using any 
polychrome stain but suggested that Kings 
ley s stain was most effective Sippel (1945) 
confirmed this work and reported that pigs 
in the second or third day of symptoms 
may not show inclusion bodies The pres 
ence of these bodies indicates hog cholera 
but their absence does not preclude hog 
cholera 

In an intradermal test, Sarnowiec (1934) 
Used castor oil and formalized blood from 
pigs sick with hog cliolera Immune swine 
give an allergic response characterized by 


an inflammatory swelling at the area of m 
jection Healthy susceptible pigs or those 
sick with hog cholera do not react to the 
test 

A complement fixation test for hog 
cholera was described by Healy and Smith 
(1915) but their results were not con 
firmed by later workers 

Positive proof of infection with hog 
cholera virus can best be obtained by the 
injection of a hog cholera susceptible pig 
and a hog cholera immune pig with blood 
or filtered suspension ot macerated tissues 
from the suspected animal The hog 
cliolera susceptible pig of course, dies and 
the immune pig remains well, thus giving 
positive identification of the disease 

IMMUNITY 

The immunity against hog cholera is a 
classical example of the three major types 
of resistance to infection i e , natural re 
sistance, passive acquired immunity and 
active acquired immunity 

Natural resistance to infection occurs on 
a genetic basis between species and within 
speaes All animals other than swine have 
a strong natural resistance to hog cholera 
Although this disease is one of the most 
lethal of all animal diseases, there usually 
are a few pigs in each large herd which 
are naturally resistant to the infection 
This number is small Perhaps less than 
5 per cent of all swine are naturally im 
mune to hog cholera 

Passive, acquired immunity is obtained 
in two ways In one method the individual 
acquires antibodies by the injection of im 
mune serum from another host For hog 
cliolera this would be the serum from an 
other pig which was immune to the dis 
ease The other means of passive acquisi 
non of antibodies is the passage of anti 
bodies from the dam to the fetus or new 
bom This is accomplished by congenital 
transfer through die placenta to the fetus 
or by maternal transfer through die mam 
mary gland into die mdk, particularly die 
ailostrum upon which die newborn is 
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Hemorrhages of the kidney and urinary 
bladder are the most constant lesions m 
hog cholera but may be found in all other 
septicemias Hemorrhages of the larynx 
once considered diagnostic are now kno\m 
to occur in other diseases and are not suf 
ficiently constant in hog cholera to be of 
great value 


Splenic infarcts are rated as being as 
pathognomonic of hog cholera as any other 
lesion Their usefulness in diagnosis is 
limited by their infrequent occurrence 
Button ulcers of the large intestine have 
been shown to occur with relative fre 
quency m uncomplicated hog cholera UI 
ceration of the tonsils, also believed to be 
caused by infarction, occurs with interest 
mg regularity in hog cholera infected pigs 
The widening of the epiphyseal Ime at 
the costochondral junction of the ribs of 
pigs infected with hog cliolera occurs with 
marked regularity The absence of this 
lesion m all other septicemias has not been 
fully determined but it has not been re 
ported to occur in swine except in pigs in 
fecied with tlie virus of hog cholera 
Lesions which may complicate the diag 
nosjs of hog cholera include infarcts of 
the kidney, necrotic enteritis suppurative 
pneumonia and ' paint brush ' hemorrhages 
on tlie serosa of the stomach 

Infarcts of the kidney are relatively rare 
in hog cholera. IVhen they do occur, a 
complicating organism is likely to be in 


volved Secondary necrotic enteritis is 
common in hog diolera infected pigs It 
also occurs in salmonellosis but is usually 
absent m swine erysipelas or strcptococ 
cosis Suppurative pneumonia sometimes 
accompanies hog cholera infection as a 
complicating infection but can occur as a 
primary disease in die absence of hog 

cholera Itseldom is obsenetl in sivine cry 
sipelas infection Paint brush hcraorrhigcs 
are considered by some to be 
swine erysipelas, aldiough Hofferd (I9J4) 
raLidered diem to be of little significance 
X^-emorrhap are seldom secn^ 
hog cholera infections A marUdly 


larged and dark colored spleen is usually 
seen in salmonellosis and may occur m 
swine erji^ipelas but is uncommon m hog 
cholera (Seghetti, 1946, Hofferd, 1944) 

Laboratory Tests 

A leukopenia associated with hog diolera 
was observed m early investigauons of die 
disease (King and 'Wilson, 1910, Dinwid 
die, 1914) Lewis and Shope (1929) , Cahill 
(1929), and Kernkamp {1939b) empha 
sized the importance of die leukopenia as 
an aid in diagnosis 

Generally, in normal pigs eight weeks of 
age or older, the total leukocyte count will 
range from 14 000 to 28,000 leukocytes per 
cu mm of blood Variations aboie and 
below these figures, however, have been 
noted m apparendy normal aninwh. hut 
such variations are relatively uncommon 
VVithm two to SIX days after exposure of a 
susceptible, normal pig to virulent 'irus 
die total white cell count (TWBC) will 
drop below 9,000 (Fig 7 2) The low 
point m the leukopenia may be dian 
4,000 Jeukocytjes per cu mm but com 
monly does not drop below 5 000 In gen 
eral laboratory procedure, a leukoQic 
count of 9000 or less in pigs eight weeks 
of age or older is considered to be positive 
evidence of hog diolera Since tiicrc is a 
icTidency lor a secondary ItviVocywws to 
dev'elop at limes, follow^ing the mitid 
Icukopcnn, a relatively normal or high 
leukocyte count does not necessarily niean 
that hog diolera virus is ruled out is “te 
infecting agent This emphasircs the ncc 
for leukocyte counts on wore diau one 
animal and preferable at di/Tcrent stag^ 
of illness The results of dus test arc moi 
satisfactory when samples arc taken soon 
after clinical symptoms arc first m cvidcnc^ 

A number of hetors should be consiuct ^ 
in die uucrprctaiion of the test Th^ 
mal T -W n C of pigs three weeks i”-*? 
be as low as 7,000 (Sippcl. 1952) « 
ammil consumes a quantity of feed 
It IS bled, the f U' IJ C may rise "‘orc u ^ 

5 000 above the nomnl count m ^ n 
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(1946) succeeded in altering the patlio 
genicity of hog cholera virus by many pas 
sages through rabbits A resulung rabbit 
adapted virus pro\cd to ha\e marked anti 
genic properties in swine and showed an 
effective elimination of pathogenic prop 
erties Vaccines utilizing these adapted 
viruses are presently being marketed to be 
used with or without immune serum 
Commercnl vaccines also are available 
which were developed by alternate pas 
sages between rabbits and swine with the 
final modified virus being harvested from 
the pig Vaccines of swine origin lend to 
show mild pathogeniaty and are recom 
mended for use witli immune scrum Com 
mercially prepared vaccines are dried un 
der vacuum and must be reconstituted at 
the time of vacanation Unused portions 
of the mixture should not be stored for 
use at a later time because the vims re 
tains Its viability for a relatively short 
time after being reconstituted Lapimzed 
(rabbit adapted) live vims vacanes do not 
give immediate, complete protection when 
used without semm but at times are ca 
pable of effecting a resistance to infection 
which has the appearance of a ‘ vims in 
terference phenomenon ' This resistance 
has been observed as early as the second 
day after vacanation (Harvey and Cooper, 
1954) The duration of immunity pro 
duced by attenuated vaccines is as good as 
or closely approaches, that obtained by 
vaccination with virulent virus and im 
mune serum One lapimzed strain was 
shown to produce 100 per cent protection 
against death when pigs vaccinated with it 
were challenged with virulent virus 2 years 
after vaccination (Percival et al, 1953) 

Killed Virus Vaccines 

Effective vaccination with absolute as 
surance that there will be no spread of 
live vims is the goal of all those interested 
in the eradication of disease It is no won 
der then that the crystal violet vaccine in 
vestigaied by McBryde and Cole (1936) 
should have received worldwide attention 
The vaccine is prepared from defibrinated 
blood (some variations include spleen 


pulp and other reticulo-endothelial tis 
sues) , to which crystal violet and glycerin 
are added and the mixture subjected to 
incubation at 37° C for a period sufficient 
to insure complete innocuity of the vims 
This vaccine was shown to protect pigs 
against botli artificial and contact infec 
tion, did not transmit the disease to suscep 
tible animals, and produced an immunity 
which lasted about ten months (Doyle 
1942) Crystal violet vaccine was shown to 
be ineffective when administered simul 
taneously with immune serum (Cole and 
Henley, 1949) D Apice et al (1948) dem 
onstrated that intradermal injection of the 
vaccine in amounts as low as 0 5 ml pro 
duced a satisfactory immunity in 10 to 15 
days The administration of immune serum 
simultaneously with crystal violet vaccine 
without inhibition of the antigenic proper 
ties of the vacane also was reported by 
D’Apice and Penha (1952) Their results 
at this time have not been confirmed by 
other workers Doyle and Spears (1955) 
found the inu-aderraal route to be less 
satisfactory than the subcutaneous route 
which gave better protection Torrey and 
Zmober (1956) reported on twelve >ears 
of vaccination with crystal violet vaccines 
Pigs were challenged at 122 and 188 days 
after vaccination and 92 8 per cent sur 
vived Pigs from immune sows were not as 
effectively immunized 

A killed tissue vaccine produced from 
hog cholera infected swine tissues treated 
with glycerin and eucalyptol was reported 
by Boynton ct flf (1937 1938, 1941b) Im 
munity up to 6 months witli a 5 ml dose 
was shown to be as effective as a 10 ml 
dose The vaccine was shown to be safe 
from the standpoint of spreading live virus 
Casselberry et al (1953) reported 98 per 
cent protection in tests made at 2 to 7 
months after vaccinauon 

Formalized vaccines have received con 
siderable attention in Europe but have not 
been investigated to any great extent m 
America 

The limitations of killed virus vacanes 
he in their inability to protect against hog 
cholera for the first two weeks after vac 
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fed The latter process is tlie one by which 
pigs develop resistance to hog cholera 

Active immunity is acquired either by a 
sublethal exposure to infection or by the 
injection of an immunologically active 
form of the infectious agent Active hog 
cholera immunization is acquired by three 
mam classes of biological preparations 
simultaneous anti hog cholera scrum and 
virulent virus, attenuated live virus vac 
anes (with or without immune serum), 
and killed virus vaccines 

Simultaneous Vaccination With Virulent 
Hog Cholera Virus and Immune Serum 

The passive immunity obtained by the 
use of anti hog cholera serum (Dorset et 
al , 1908) provided the swme raiser with 
his first protection in over half a century 
against the disease that threatened the sur 
vival of the swine industry This serum 
also supplied the key for the method of 
simultaneous serum and virus vaccination 
that for fifty years was a model of vaccina 
tion procedure The active immunity pro 
duced by this system was as stable as any 
vaccination known 

Virulent hog cholera virus for simul 
taneous serum and virus vaccination is ob 
tamed in the form of blood taken from 
pigs infected with virulent liog cholera 
virus The blood is usually taken on tlie 
sixtli or seventli days after injection, de 
fibrmated and preserved with phenol, die 
final concentration of which is one half of 
1 per cent Anti hog cholera serum is pre 
pared by injecting immunized hogs with 


unpreserved whole blood virus at the rate 
of 5 ml of virus per pound of body neiglii 
The hog IS later bled at tuo, three, four, 
and five weeks after tlie hyperimmuniza 
tion process The blood is defibrinated and 
treat^ with an extract of navy beans and 
I per cent sodium chloride to hcilitaie Uic 
removal of erytlirocytes (Dorset and Hen 
ley, 1916) The resulting clear serum is 
pasteurized 58°-59°C and then preserved 
witJi sufficient 5 per cent phenol to maJ^c 
tlie completed serum contain one half of 
1 per cent phenol Active immunization is 
accomplislied by the infection of 2-3 ml of 
virulent virus witli hyperimmune serum in 
quantities ranging from a minimum of 20 
ml in sucking pigs to a minimum of 75 ml 
in liogs weighing 180 pounds and oicr 
(Table 7 4) 

As seen in Table 7 4, the amount of 
serum now considered necessary in die 
simultaneous serum virulent virus vacana 
tion of healthy herds of swine has been 
markedly increased over earlier rccom 
mendations This report also suggested that 
the optimum time for vaccination v^as at 
four to SIX weeks of age (U S D A , 1951) 

Attenuated Live Virus Vocemes 

The attenuation of the patliogenic prop- 
erties of a virus can be acconipltihed b) 
a number of procedures, but to be iiseW 
as a vaccine tlie antigen producing proper 
ties must not be decreased M^orkmg mde 
pendenily, and following tiic proaduicj 
employed m the study of llindeTpcrlf 
Koprowski el al (1916) and Baker 
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botuUmim Type A (Graham, 1921) influ- 
enza virus (Scott, 1911), Sahiionella para 
typhosus A and B (Doyle and Spray, 1920, 
Van Es and Olney, 1914) , Listerella mono 
cyiogenes (Rhoades and Sutlierland, 1918) 
and Pseudomonas aeruginosa (Dunne et 
al , 1952a) likewise may be invohed in a 
simultaneous assault upon the animals de 
fense meclianism 

When this occurs, tlie immunity pro 
ducing s)stem of the animal is apparently 
unable to cope with tlie two infections at 
once Witliout adequate support from this 
system, the ability of the injected anti hog 
cholera serum to neutralize the virus is 
severely hampered, and tlie animal subse 
quently succumbs to the dual infection 

If, for one of many reasons, the serum 
dosage is not adequate (as happens m the 
presence of variant viruses which are dis 
cussed furtlier in diis chapter) and second 
ary exposure to the pathogens named above 
occurs, (particularly Salmonella cholerae 
suis and Pasteurella multocida) , many am 
mals wluch might have survived the virus 
reaction die from the combined effects of 
die secondary invasion and the virus of 
hog cholera 

Sometimes, the production of a satisfac 
tory immunity is prevented by parasitic 
infestations, unsanitary housing conditions, 
improper nutrition, or exposure to un 
favorable weather conditions The impor 
tance of parasitic infestations and poor 
management in vaccination failures is ac 
centuated by the frequency with which 
they are observed under these conditions 

The importance of nutrition in the vac 
cination for hog cholera is becoming more 
and more apparent The susceptibility of 
poorly fed pigs to bacterial infections has 
been widely recognized by veterinarians 
throughout the country, but the inability 
of some apparently well fed swine to with 
stand satisfactorily the simultaneous serum 
and Virus vaccination against hog cholera 
presents still another problem 

Cannon (1950) is of tlie opinion tliat 
the depletion of body protein over a period 
of time, because of inadequate diet would 


result in tlie malfunctioning of the im 
mune mechanisms Elder and Rodabaugh 
(1954) , however, found that feeding sows 
and their pigs on a ration grossly deficient 
in protein did not prevent immunization 
of the pigs against hog cholera when vac 
cinatcd with serum and virus In expen 
mcnts conducted by Reber et al (1951), 
diets which were incomplete with respect 
to protein were fed to pigs for a few weeks 
prior to infection with virulent hog cholera 
virus These pigs suffered a chronic course 
of die disease with relatively mild tissue 
clianges Six of eight pigs recovered In 
the same experiment, all pigs fed adequate 
dietary protein died from acute hog chol 
era, following exposure to the virus The 
findings of Davies et al (1952) and Pond 
et al (1952) m poliomyelitis studies fur 
nished additional evidence that defiaencies 
m certain protein substances tend to de 
crease the adverse effects of virus infections 
High levels of chlortetracycline m the 
feed of pigs vaccinated for hog cliolera did 
not interfere with the immunity produced 
and favorably influenced the rate of weight 
gam There was some indication tliat pigs 
receiving the high level antibiotic m the 
feed had less reaction to challenge with 
hog cholera virus than those with lower 
level or no antibiotic in the feed (Smith 
et al, 1956) 

To summarize the nutritional phase in 
vaccination, it is obvious that the relation 
of diet to proper immunization is not well 
understood It does appear tliat general 
debility as the result of dietary made 
quacies may not favor the development of 
proper immunity m the presence of bac 
tenal infecuons However swine on high 
protein diets are more likely to suffer 
severe losses if the virus injected at the 
time of vaccination is not adequately 
neutralized by the anti hog cholera serum 
With whidi It IS administered While the 
full importance of these facts has not been 
clanfied, it can be said that the practicing 
veterinarians who recommend removal of 
protein supplement at the time of vac 
dilation, but who refuse to vaccinate mal 
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cination Thus tliey cannot be used where 
hog cholera is likely to be present, such as 
in garbage feeding lots and areas of en 
zootic hog cholera 

Post-Vaceination Losses 


One of the earliest recognized complica 
tions of hog cliolera immunization was the 
occurrence of sudden deaths from shock 
at the time of vacanatton One of the 
causes of this phenomenon was shown to 
be related to the temperatures used in the 
pasteurization of the serum (Munce and 
Hoffman, 1930) Serum heated above 60*^ 
C was shown to produce shock when in 
jected into swine Lowering the tempera 
ture to 58® and 59° C remoied this vac 
cmation hazard 

Vaccination shock also was shown to be 
caused by vaccination of pigs afflicted with 
anemia McBryde (1932) showed that there 
was a definite correlation between the 
hemoglobin content of the blood and the 
degree of shock following hog cholera vac 
cmation The seventy of the shock in 
creased as the anemia became more pro 
nounccd This was confirmed by Schipper 
ef al (1955) who also found that no signs 
occurred when attenuated hog cholera vac 
cine or anti swine erysipelas serum was m 
jected rather than anti hog cliolera serum 
and virus 


Many post vaccination losses, other than 
from shock, have been classified as virus 
“breaks’ and serum "breaks The terra 
virus “break" implies a failure of the virus 
to impart an active immunity of sufficient 


potency to protect against exposure to a 
lethal hog cholera virus after the passise 
immunity supplied by the serum has been 
depleted Since passive immunity lasts from 
tliree weeks to one month, the occurrence 
of hog cholera in tlie herd after this period 
suggests a failure m tiie production of ac 
tive immunity One of the primary factors 
contribuung to tins situation is the im 
proper handling or storing of virus __rac 
tors contributing to a virus ' break in 
dude shipping Uie virus witliout icc. 
holding It too long in sliipnicni, allowing 


It to stand too long at room temperature 
transporting it on a hot day in the trunk 
of a car without refrigeration or using it 
after it has become outdated, all of which 
can mean decreased viability of the virus 
Excessive doses of serum also may pre 
vent proper active immunization Van Es 
and OIney (1944) demonstrated tliat in 
hog cholera immunization, serum doses of 
045 ml per pound body weight witfi 2 
ml of hog cholera virus permitted the best 
gains in pigs When 1 72 ml of serum per 
pound body weight were used, 2 out of 
15 pigs (13 33 per cent) died of hog 
cholera m one experiment and 3 out of 
20 pigs (15 per cent) died m another 
experiment upon subsequent challenge 
With lethal hog cholera virus The possible 
importance of this factor is seen, for e\ 
ample, when animals are sold through a 
community sales barn Such swinC are us 
ually required to be vaccinated wiUi serum 
or serum and virus Many times die pur 
chaser, to increase his safety margin, has 
the pigs treated again wiUi seroni and 
virus upon reaching tlie farm The double 
dose of serum may, in this case, neuiralire 
the virus so completely tliac achve im 
mumty is not established Animals so >ac 
cinated may be susceptible to hog cholera 
again as early as four weeks after I’oc 
cmation To prevent tins, it is sugges^^ 
that a nonpatliogenic, attenuated h'C wrus 
vaccine, without serum, be given m place 
of tlie second injection of scrum and viru 
lent virus 

The serum ‘ break ’ is best defined as a 
failure of anti hog cholera serum 
crahzc the disease-producing properties o 
tlie virus wjtJi wlucli it is adniun^^cr*^^ 
simultaneously m vaccination Many a 
tors individually may be rcsponsib ^ ° 
tfie inadequacy of the serum ^^os£ Oi ^ 
haie notinng to do with serum 
The most common factor is die sunn ta 
ous infection witli another ^ 

gamsm sucli as Erystpelol/inx r' 
palhtac, SalmoneUn cholcracsuts, 

Telia mtilloada or streptococci 
gamsms, houescr, including Closlf 
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exists m a monovalent state, and that cer 
tarn specific conditions or circumstances 
are necessary to cause a recessive or masked 
form to become predominant Or, it may 
be simply that one strain is capable of 
clianging so that different characteristics 
are recognized as antigenic or pathogenic 
^arlants The fact that some of these 
changes have been shown to be reversible 
or inconstant strengthens this latter theory 
However, it must be recognized tliat ap 
patently irreversible changes in tlie path© 
genicity of the virus of hog cliolera have 
been experimentally produced in the de 
velopment of the lapinized vaccines Tins 
strongly suggests that it could be possible 
that irreversible changes might occur 
naturally 

Vaccination of Sows and Suckling Pigs 
It IS often difficult to pick a time when 
all animals of large swine herds are at an 
optimum age for vaccination Thus the 
following problems arise \Vhat animals 
can be vaccinated? Can live virus be used? 
When should serum alone be used? Can 
only part of the herd be vaccinated? Do 
suckling pigs develop a solid immunity? 

Pregnant sow vaccination with either 
virulent virus or attenuated live virus 
should be made only in the last two months 
of pregnancy The vaccination of sows with 
live hog cholera virus in the first month 
after mating was found to cause ascites 
subcutaneous edema, and a variety of other 
abnormalities in the fetus prior to parturi 
tion The other abnormalities were edema 
of the mesocolon and perirenal tissues, 
mottling of the liver, asymetry of the head, 
lengthening and twisting of the snout and 
malformation of the limbs Fetal death and 
partial reabsorption was also noted (Saut 
ter et al , 1953, Young et al , 1955) Killed 
virus preparations such as crystal violet 
vaccine do not produce these effects upon 
the fetus and can be used during the first 
two months of pregnancy 

It IS somewhat difficult to establish active 
immunity in baby pigs from immune sov%s 
because a certain amount of resistance is 
present shortly after suckling and is re 


tuned through the first few weeks of the 
pig's life McArthur (1919) found that 
69 8 per cent of one day old to two week 
old pigs born of immune dams resisted an 
oral dose of 0 5 ml of virulent hog cholera 
virus when it was smeared on the teat of 
the sow Pickens el al (1921) injected hog 
cholera virus into 85 suckling pigs at ages 
up to and including 55 days Only 5 of 85 
died These five were 40 days old when 
exposed to the virus and were from one 
litter Forty five pigs at ages ranging from 
48 to 78 days were challenged with the 
same virus 24 to 78 hours after weaning 
and 41 of the 45 died 

Piglets farrowed by crystal violet treated 
sows are susceptible to hog cholera during 
and after their third week of life There 
fore, a good lasting immunity from crystal 
violet vaccine can be obtained if pigs are 
vacanated at four weeks of age or older 
These pigs retain their immunity for nine 
months or longer (U S D A , 1946) 

In general, if suckling pigs less tlian five 
weeks of age and from immune dams are 
to be immunized, it is suggested that the 
dose of virus be increased by 50 per cent 
If possible, revaccination of pigs to be kept 
for breeder stock should be made in 30 
days 

If lapinized live virus vaccines are avail 
able, they should be used without serum 
when vaccinating resistant suckling pigs 
from immune dams 

TREATMENT 

If observed early, it is possible to treat 
swine ill with hog cholera by the injecuon 
of anti hog cholera serum The amount of 
scrum used is usually 50 to 100 per cent 
higher than that injected for prophylactic 
purposes To be effective, the serum must 
be given within the first 3 to 4 days after 
exposure to the virus If tlie animals have 
been ill for more than 4 days, serum in 
jections are usually futile If serum is given 
alone, live virulent or modified virus may 
be given safely m ten days after die serum 
injections Attenuated vaccines should be 
given within 30 days foUouing the serum 
u-eatment to insure continued immuniiy 
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exists m a monovalent state and that cer 
tarn specific conditions or circumstances 
are necessary to cause a recessive or masked 
form to become predominant Or, it may 
be simply that one strain is capable of 
changing so that different characteristics 
are recognized as antigenic or pathogenic 
variants The fact tint some of these 
changes have been shown to be reversible 
or inconstant strcngtliens this latter theory 
However, it must be recognized that ap 
parently irreversible changes in the patlio 
geniaty of the virus of hog cholera have 
been experimentally produced in the dc 
velopment of the lapmized vaccines Tins 
strongly suggests that it could be possible 
that irreversible changes might occur 
naturally 


Vaccination of Sov/s and Suckling Pigs 
ft IS often dilHcuU to pick a time when 
^11 animals of large swine herds are at an 
optimum age for vaccination Thus the 
following problems arise What animals 
can be vaccinated? Can live virus be used? 
When should serum alone be used? Can 
only part of the herd be vaccinated? Do 
suckling pigs develop a solid immunity? 

Pregnant sow vaccination with either 
virulent virus or attenuated live 
should be made only in the last two mon s 
of pregnancy The vaccination of sows with 
live hog cholera virus m the first month 
after mating was found to cause ascites 
subcutaneous edema and a variety of ot er 
abnormalities in the fetus prior to partun 

tion The other abnormalities were e ema 
of the mesocolon and perirenal 
mottling of the liver asymetry of the neaa 
lengthening and twisung of the snout an 
malformation of the limbs Fetal 
partial reabsorption was also note ( 
teretfll 1953 Young et 19 ^ 5 ) Killed 
virus preparations such as ^ „ 

vaccine do not produce these . 

^he fetus and can be used during 
two months of pregnancy ^ruve 

It IS somewhat difficult to esta 
jmmunity m baby pigs is 

because a certain amount ot j is re 
present shortly after suckling an 


tamed tlirough the first few weeks of the 
pigs life McArthur (1919) found that 
698 per cent of one day old to two week 
old pigs born of immune dams resisted an 
oral dose of 0 5 ml of virulent hog cholera 
virus when it was smeared on the teat of 
the sow Pickens efo/ (1921) injected hog 
cholera virus into 85 suckling pigs at ages 
up to and including 55 days Only 5 of 85 
died These five were 40 days old when 
exposed to the virus and were from one 
litter Forty five pigs at ages ranging from 
48 to 78 days were challenged with the 
same virus 24 to 78 hours after weaning 
and 41 of the 45 died 

Piglets farrowed by crystal violet treated 
sows are susceptible to hog cholera during 
and after their third week of life There 
fore a good lasting immunity from crystal 
violet vaccine can be obtained if pigs are 
vaccinated at four weeks of age or older 
These pigs retain their immunity for nine 
months or longer (U S D A 1946) 

In general if suckling pigs less than five 
weeks of age and from immune dams are 
to be immunized it is suggested that the 
dose of virus be increased by 50 per cent 
If possible revaccination of pigs to be kept 
for breeder stock should be made in 30 
days 

If lapmized live virus vaccines are avail 
able they should be used without serum 
when vaccinating resistant suckling pigs 
from immune dams 

TREATMENT 

If observed early it is possible to treat 
swine ill with hog cholera by the injecuon 
of anti hog cholera serum The amount of 
serum used is usually 50 to 100 per cent 
higher than tiiat injected for prophylactic 
purposes To be effective the serum must 
be gi'en within the first 3 to 4 dajs after 
exposure to the virus If the animals ha\e 
been ill for more than 4 days serum in 
jeclions are usually futile If serum is given 
alone live virulent or modified virus may 
be given safely in ten da)s after the serum 
injections Attenuated vaccines should be 
given within 30 days following the serum 
treatment to insure continued immunity 
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nourished pigs, may be vindicated by the 
above facts 


Variant Viruses 


The possibility of the existence of more 
than one antigenic strain of hog cholera 
vims poses a rhetoncal as ■well as a saen 
tific question which has not been satisfac 
torily answered 

Ruppert (1930) emphasized the great 
variations in the vimlence of hog cholera 
vims Hupbauer (1934) , after numerous 
cross immunization tests, came to the con 
elusion that plurality of strains m hog 
cholera vims does not exist Nevertheless, 
considerable interest in the question of var 
lant vimses was generated, following the 
severe post vaccination losses experienced 
in the 1949-50 vaccination periods The 
losses occurred in a widespread area 
throughout the midwestern United States 
and were behe\ed to have been caused by 
a variant strain of hog cliolera virus The 
work of Dale et al (1951) showed that 
commercial anti hog cholera serum, suf 
ficiently potent to neutralize standard test 
viruses in swine, was incapable of neutral 
izing tlie variant strain using the same 
standard test doses of serum Increasing 
the amount of serum given from 15-45 ml 
vias necessary to provide 100 per cent pro- 
tection against the variant The virulence 
titer of this variant was shown to be lower 
tlian known test viruses This variant 
characteristic tias maintained in serial pas 
sage only when anti hog cholera serum was 
administered simultaneously in small doses 
(Dale and 7inober, 1954, Dale ec al , 
1954) On die basis of these findings Uic 
recommendation of die U S D A Bureau of 
Animal Industry called for an increase of 
the minimum dose of semm to be used 
uidi virulent virus in vaccination for hog 


cholera 

An editor's note (1951) staled that out 
breaks of unidentified nervous disorders in 
swine have been reported by practitioners 
in widely separated locations m the com 
belt’ During this period a siram of hog 
cliolera virus isolated from a pig dving in 
post vaccination 'break' demonstrated 


encephalitis producing characteristics which 
were manifested by convoilsive activities m 
33 of 73 infected pigs (Dunne, 1952a) 
This strain also showed ability to resist 
tn VIVO neutralization with standard test 
amounts of serum of known potency, but 
also was shown to have a somewhat higher 
titer dian known standard test viruses The 
occurrence of variant virus breaks ’ was 
fairly well distributed between herds vac 
cinated with modified live virus vacancs 
tissue culture vaccines, inactivated vacanes, 
and virulent virus with anti hog cholera 
serum in tests conducted by Torrey el oI 
(1955) In France, experiences with viruses 
of a variant nature were reported by Lucas 
et al (1953) who found that monovalent 
crystal violet vaccine, when given in single 
injections, did not protect against the van 
ant virus but was efficaaous only against 
the vaccmial variety The duration of im 
munity from the monovalent crjstal violet 
vaccination did not seem to go bejond 
Uiree months when animals were subse- 
quently exposed to this virus A 50 to 100 
per cent increase m scrum dosage vvas 
necessary to neutralize die virus m 

‘ Subtypical ’ hog cliolera was described 
by Kernkamp and Fenstermachcr (10^7) 
who observed infections, with a Jcngdi^ 
course as Jong as 39 days, m both 
cmated and unvaccinated herds The use 
of sonically vibrated virus m the develop 
ment of dironic hog cholera was report|.d 
by Dunne et al (1955) The course of me 
disease ranged from 50 to 95 days T le 
virus of hog cliolera was isolated from 
animals at death The strongest arguiuc»'‘ 
against die existence of plurality of anti 
genic strains lies in die fact dial none 
the variant' viruses described aboic 
been shown to be capable of producing 
hog cholera (in significant nuinbcn) 
swmc immunized for a period of ^ 
or more with live virus and aiiti hog c 
era serum or in swmc surviving a nitu 
infection 

It docs appear, however, that the 
geme and pathological projicrtics o 
vmis of hog cholera are not as n 

was once believed It may be that no * 
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Persistence of Hog Cholera Virus in 
Exposed Swine 

Hog cholera virus has been found to 
be present m the blood of pigs for 14 days 
but not 21 days after \'accmation with vir 
ulent virus and anti hog cliolera serum 
The virus was found in the lymphatics in 
an attenuated form at 21 days but not 42 
days after vaccination (McBryde, 1934) 
Infected "carrier ’ pigs were reported by 
Gibbs (1933) to be harboring the virus in 
button ulcers of the large intestine as long 
as 94 days after known infection with hog 
cholera Recovery of the virus from pigs 
chronically sick with hog cholera for 95 
days was also reported m experiments with 
physically altered viruses (Dunne et at, 
1955) Attempts to find ‘ earners ’ m swine 
vacanated with crystal violet vaccine and 
subsequently exposed to hog cholera were 
negauve (Gwatkm and Mitchell, 1944) 

Since the swine tissues that are suscep 
tible to hog cholera virus invasion are ap 
parently those of the pharynx and the 
respiratory tract, it seems logical that the 
pigs natural habit of rooting and his fond 
ness for garbage, particularly animal pro 
tein, should provide an optimum oppor 
tunity for infection Uncooked garbage, 
either of commercial origin or from the 
farmhouse kitchen, offers the prime sources 
of infection Severe endemics m areas pre 
viously free of the disease have been ex 
penenced in Canada as the result of feed 
ing uncooked swll (Hall, 1952) Birch 
(1917) demonstrated that the virus of hog 
cholera could survive the curing process of 
hams and was not destroyed in refrigerated 
carcasses Bacon prepared from infected 
pigs was capable of causing hog cholera 
after 27 days but not after 37 days (Edgar 

ai, 1952) The virus can survive for at 
least 73 days m the bone marrow of salted 
pork (Doyle 1933) Perhaps one of the 
most simple yet most effective methods of 
preserving the virus is by freezing Infected 
pork was capable of causing hog cliolera 
lifter 1 598 days of refrigeration at — 11° C 
(Edgar et al , 1952) 

The influence of the hydrogen ion con 
centraiion on the survival of hog cholera 


virus was studied by Chapin et al (1939) 
who showed that it survived best at a pH 
of 4 8-5 1 Although the virus is relatively 
stable to short periods of ultraviolet ir 
radiation (Bell 1954), it is believed that 
sunlight has an active part in its inactiva 
tion under natural conditions Heat also 
IS an important virus inactivator Ray and 
Whipple (1939) found that phenolized 
virus maintained without refrigeration for 
any appreciable time in the trunk of an 
automobile under the direct rays of the 
sun was readily rendered avirulent Virus 
with an initial titer of 1x10-® dehydrated 
by freeze drying and stored at 4° C in 
sealed waterproof bags was still viable at 
dilutions of 1x10"* after more than two 
years (Schwarte and Mathews 1954a) 
Blood frozen in saew cap vials at —10° C 
was virulent after more than 6 years of 
storage (Dunne et al , 1957b) 

In companson to other viruses, the virus 
of hog cholera is relatively stable to 
chemical disinfectants Kresco ’ a coal tar 
disinfectant was effective in 5 minutes in 
2 per cent concentration but not in one 
per cent concentration (King and Drake 
1916) Sodium hydroxide in 3 per cent 
concentration with 2 per cent hme water 
was effective in 15 minutes (McBryde et 
al, 1931) A pH of 1 4 or 13 0 is neces 
sary to kill the virus within one hour 
(Slavin 1938) Phenol m 5 per cent solu 
uon and hypochlonte solution containing 
1 66 per cent available chlorine each de 
stroyed the virus in 15 minutes Less con 
centrated solutions of these diemicals re 
quire longer penods than are indicated 
above to acquire die desired results 

Control and Eradication 

The United States has attempted the 
control of hog cholera for a period of al 
most 50 years The simultaneous virulent 
virus and immune serum method of vac 
cination has prevented the destruction of 
the swine industry by effecting a partial 
aintrol of the losses due to hog cliolera In 
tins method of control, however, die propa 
gauon of die disease by vacemauon 
breaks has been a factor in maintaining 
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EPIZOOTIOLOGY AND CONTROL 

The epizoouology of hog diolera infec 
tions js not completely understood The 
\jrus appears to be easily transmitted from 
pig to pig but Its sudden appearance in 
remote places, often where there is no 
history of hog cholera, poses a problem for 
which there is no complete ansiver 

The direct contact of a susceptible pig 
with an infected pig offers one of the most 
positive methods for the introduction of 
hog cholera into a herd The introduction 
of neivly purcliased swine into the herd, 
without an adequate isolation period is 
a common error in management Transpor 
tation of animals in trucks or other ve 
hides that have not been properly cleaned 
and disinfected contribute to the spread of 
hog cholera Public auctions may be a 
clearing house for infected animals Such 
animals are not always easily detected 
Vaccination with virulent virus offers a 


possible source of infection, if the condi 
tions for vaccination are not sufficiently 
good Although this system of vaccination 
has been responsible for the control of hog 
cholera for fifty years its part in the con 
tinucd prevalence of die disease is also 
recognized (^dierton, 1923) 

Epizootiologists in general arc of the 
opinion that a natural reser>oir of infcc 
tion exists in nature which is responsible 
for die pockets of infection which seem to 
come from nowhere Shopc (1957) is of 
die opinion that a dose similarity mty exist 
between hog dioIcra and swine influenza 
with die earthworm playing an important 
role in both infections Transmission of 


hog cliolera by house flies was shown to 
be possible by Dorset et al (1919), who 
pcnnittcd flies to feed on eje exactions 
from infected pigs At inicnals up to and 
induding 21 hours after remotal from die 
excretions, the flics were ground and in 
jecicd into susceptible swine In cscry case 
transmission was shown to be possible 
Apparend). dose provimit) between in 
fected and susccpublc animals is noi 
enouch to insure iransnusnon of hog 
cl, okra under experuncntal 
three adpcciit outdoor pens. I ortcr (19-3) 


conducted transmission experiments to 
shosv the ability of chickens to median 
ically transmit die disease Solid fences 
three feet high separated the three pens 
Pen One contained susceptible swine onl) 
Pens Two and Three eadi had diree pigs 
and were enclosed widi a fine mesh wire 
Six leghorn chickens svere permuted to fl) 
betsveen Pens Two and Three Infection 
initiated m Pen Two was transmuted to 
Pen Tliree but Pen One remained umn 
fected at 20 days Dorset (1916) ob- 
served diat if pens were placed 50 feel 
apart, transmission did not occur when 
caretakers walked through a pen witli in 
fected pigs and dien walked into a pen 
widi susceptible pigs In anodier siiuition 
pigs confined m a budding under what 
was considered excellent isolation condi 
tions expenenced two ‘breaks m spue ol 
all die precautions taken (Hoskins 1917) 
The length of time that a pen whicli 
has contained infected pigs will remain 
infectious for susceptible pigs hvs not been 
completely investigated Dorset (1916) 

Edgar et al (1952) revealed diat the 'inu 
of hog cliolera was not very stable under 
the conditions winch prevailed when the 
experiments were made Both groups were 
unable to demonstrate die presence of 
virus in pens whicJi were allowed la swnd 
48 hours after die rcmo\al of sick annuals. 
Tlie Australian workers even plugged ilw 
drams to retain all infectious niaicria 
The virus was detected m 24 hours but not 
III 18 hours ^Vhltlng (192G) found uut 
virus in outdoor pens remained viable for 
at least two da)s in November but only 
day m the summer Transmission bciv*ccn 
pens Vvas prevented by plaang clicestcJo « 
above die partitions 

Survival of die virus in 
various conditions Ins varied from * 
days depending upon the heat generate^ 
Vmxs could not be detected m 
vsatcr collected from pens ct»uaimn<, « 
fected pigs In cxperimcniall) 
nated manure v»aicr, the virus vurvi 
from 2 to 7 vvecks The hydn’o^’rt 
ceniration was not slclcrmincd (Ce**' 

1933) 
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hog cholera as an endemic disease witliin 
the nation No program for the eradtca 
tion of hog diolera can be effecti\e where 
virulent \irus is used in tlie vaccination 
procedure It is even questioned whether 
adequate control is possible under the 
same conditions The elimination of viru 
lent virus from use in hog cholera vac 
anatxon would be a necessary major step 
in the eradication of the disease Tlie 
popularity of attenuated and killed virus 
vaccines is indicated by recent figures from 
the Committee on Nationwide Eradication 
of Hog Cholera {Milligan, 1956) whidi 
show that 72 per cent of all swine vac 
anaied in tlie United States in 1955 were 
immunired with attenuated or killed vac 
cincs while only 28 per cent were vac 
cinaied with virulent virus and immune 
serum There also is evidence that a dc 
dine m Uic incidence of hog cholera may 
have occurred since 1953 The cases of hog 
diolera at die Iowa Veterinary Medical 
Diagnostic Laboratory are reported as fol 
lows 1953. 330 cases. 1951, 200 cases, and 
1955. 132 cases (Schwartc, 1950) 

A major factor in the decline of hog 
diolera in tins country has been the cook 
mg of garbage More than 90 per cent of 


the commercial garbage fed to pigs is being 
cooked before feeding Swine raiscrs must 
be educated, however, that pork saaps 
from the farm kitchen also must be 
0)0 ked 

Tile need for elTective quarantine of hog 
diolera infected animals is imminent Ef 
fective measures are necessary to prevent 
transportation of infected animals to 
slaughter, to community sales, or to other 
points of public dispersion It has been 
common practice to reduce financial losses 
by shipping esposed hogs quickij to mar 
ket Such animals provide infected meat 
scraps for wide distribution Movement of 
swine in areas where the disease is present 
must be prohibited to effect eradiation of 
hog cholera 

Thorough disinfection of trucks and 
railway cars used for animal transporiaiion 
as well as hog diolera exposed pens and 
houses. IS necessary to stamp out the dis 
case 

Any program for eradication would be 
mcflcctivc without an efficient cduauonat 
program for die swine raiser The informs 
lion of why, how, and vvhen is essential 
to obtain the desired goal of a hog cliolers 
free nation 
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CHAPTER 8 

African Sivine Fever 
(East African Sivine Fever, 
Wart Hog Disease) 


African swine fever (pestis afncana suum, 
maladie de Monltromery, varkpes) is an 
acute, febrile, highly contagious viral dis 
ease of swine It is characterized by a short 
course, a very high mortality, and gross 
lesions that closely resemble those of acute 
hog cholera This virus produces an in 
apparent transmissible infection in wart 
hogs and other wild swine which serve as 
earners No other species has been found 
to be susceptible The causative virus of 
the disease is immunologically distinct 
from that of hog cholera, and animals im 
mune to hog cholera are fully susceptible 
to African swine fever 

history 

Montgomery (1921) reported that East 
African swine fever was seen first in East 
\fnca about 1910, and its differentiation 
from hog cholera was revealed by the 
susceptibility to African swine fever of 
animals that were hyperimmune to hog 
cltolera Steyn (1928), in his description 
of swine fever in South Africa, pointed out 
tts similarity to East African swine fever 

•present address Department of Vcieririar) 
Pathology, Ohio State University Columbus Ohio 
„T Present address Angcll Memorial IIospuM 
Uovton Massachusetts 


From tJiese early reports it appears that 
by 1926 East African swine fever was pres 
ent in both East and Soutli Africa, the 
disease still is prevalent in both of tliese 
areas The seventy of some of the early 
outbreaks m South Afnca is indicated by 
DeKock €t al (19J0) They described an 
outbreak involving 11,000 animals in 1D3S 
and 1934 Of these, more tlian 8,000 died 
about 2,000 were slaughtered m an emer 
gcncy program designed to control the 
disease, and only 862 were considered sur 
vivors 

DISTRIBUTION 

In addition to East and Soutii Africa, 
African swine fever occurs in West Equa 
tonal Africa, where it precludes the com 
mcrcial raising of swine in some regions 
Fortunately tlie disease has not been re 
ported outside of tlie African contincnL 

ETIOIOGY 

African swine fever is caused by a fil 
trabic virus which can be demonstrated in 
(lie blood, tissue fluids internal organs 
and all excretions and secretions of in 
fected animals Whole blood or splenic 
tissue harvested during die diird or fourth 
day that die animal s temperature is higher 
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taniuiatcd food and uater Nujiierous field 
outbreaks m South Africa ha\e been at 
tributed to the practice of feeding un 
cooked garbage containing infective pork 
trimmings to domestic swine 
Under field conditions the African swine 
fever virus is carried by wart Iiogs (Phaco 
dioerus) and bush pigs (Potainochoerus) 
in which It produces an inapparent in 
fection Contact between these infected 
wild swine and domestic species has initi 
ated many of the outbreaks m Africa Once 
established in domestic swine, die infection 
spreads rapidly by direct contact or 
through contaminated feed Some field ex 
perience suggests that an insect vector may 
be involved m transmission, but expen 
mental evidence is lacking Walker (1933) 
removed swme lice and fleas from infected 
animals and placed them on susceptible 
swine, but die disease was not transmuted 
The injection of virulent material subcu 
laneously, intramuscularly, intrapentone 
ally, intravenously, or intranasally has in 
variably produced the disease in susceptible 
animals 

CLINICAL CHARACTER 
The incubation period following con 
tact exposure is 5 to 9 days the shorter 


period being the more common Expen 
mental infection is clinically apparent in 

2 to 5 days 

The onset of the disease is marked by 
an abrupt rise in temperature to more 
than 105° F where it remains for approxi 
inately 4 days Distinct clinical signs usu 
ally are not apparent until the tempera 
ture begins to decline about 48 hours pre 
ceding death (Fig 8 1) This characteristic 
delay in the development of the clinical 
features until the temperature curve starts 
downward is m contrast to the situation in 
hog cholera m whicli clinical signs appear 
as the temperature rises During the first 

3 or 4 days of fever, the animals usually 
appear bright and continue to eat and 
move about normally Within the 48 to 30 
hours preceding death they stop eating, be 
come obviously depressed, and usually lie 
huddled together m a comer When forced 
to move about, they do so reluctantly and 
exhibit profound weakness especially in 
the hind legs The pulse is extremely 
rapid Cough and accelerated respiration 
or dyspnea appear in about one third of 
the cases Serous to mucopurulent con 
junctival and nasal discharges miy be pres 
ent With some strains of virus diarrhea, 
whicli IS occasionally bloody and vomiting 


Clinical Chart — African Swine Fever 


FIG 8 1—0 agrammalsc rep 
resentaiion of the sequence of 
symptoms in Africon swine 
fever 


Appear normal* 


• Depression 
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than 104° F will usually contain from 10® 
to 10^ infectue doses per gram when ad 
ministered intramuscularly to pigs The 
virus IS exceptionally stable DeKock 
ct al reported survival of the virus in 
blood stored m a cold dark room for 6 
>ears The virus in blood will survive for 
seseral i\eehs at room temperature, and 
contaminated pens in the tropics should be 
considered infectious for at least two weeks 
In ^Valkers (1933) experience, the virus 
survived in a filtrate of decomposed blood 
16 da>s old and in unfiltered decomposed 
serum 106 days old Heating infective 
blood at a temperature of 55° C for 30 
minutes or of 60° C for 10 minutes de 
stroked the virus The addition of formalin 
in a 1 100 concentration killed the virus 
in blood within G days A 1 5 per cent 
solution of trepan blue neither killed nor 
attenuated the virus wiUiin 48 hours Un 
diluted Lugol s solution killed the virus 
in blood in 10 minutes 
The virus has been propagated by Me 
Intosh (1032) in the yolk sac of 8 day em 
bryonated eggs He started egg passages 
luth virus which had been through a 
senes of alternating pig and rabbit pas 
sages, and when he reported the work in 
1932, die virus had been earned for 12 
egg passages Subsequently it vsas reported 
by Henning (1956) that propagation of 
the virus in cluck embryos was being con 
tinued, but Uiat serial passage in embryos 
could be maintained only by an occasional 
passage tlirough the pig A few pigs had 
survived inreciion with the egg propagated 
strain and were found to be immune to 
die homologous strain but not to a strain 
obtained from die Belgian Congo 

Inasmuch as diere has been a dearth of 
survivors, immune serum seldom has been 
avaihblc Therefore, very hide wellcstab 
hshed information has been obtained 
on the immunity produced by the African 
swine fever virus or on die antigenic cliar 
actcrisiics of different strains Attempu by 
Walker (1933) to produce a vaccine, al 
diough unsuccessful, suggested Uiat the 
virus was capable of dunging its anti 
genic character after a few animal pas 


sages Walker’s experience also indicated 
that recovered animals are immune only 
against the homologous virus that pro- 
duced the infection Clinically recoiere 
animals have carried the infective vims to 
at least 10 months kVhen comateceni 
sera from such recovered animals art 
heated and injected m large volume, vito 
a minimal infective dose of African swne 
fever virus, test swine seldom survive buc 
convalescent sera have demonstrated a \en 
low protective titer even against 
homologous virus Virus strains . 
virulence, and the information avai a 
indicates tliat strains also diltcr an 
genically No comprehensive f 

cal comparison of different strains as 
reported, nor have studies been nia 
determine their antigenic stabdit) 
serologic test is j,‘ JSpal 

and a vaccine has not yet been d 

HOST RANGE 

Domestic and wild 
animals known to be naturally P 
to African swine fever Domestic 
all breeds and ages appear to be 
ceptible Attempts to infect j 
guinea pigs, rabbits, cats, o? 
sheep, cattle, horses, and 
gomery (1921) , Steyn 
(1933) were reported to he urn 
McIntosh (1952) , however, refcneil 
work of Neiu and Alexander, 
a limited number of serial i j},f 

in rabbits Velho (1956) jj 5 wirf 

viRis produced leilial infeciio 
after 26 serial blind passages in 

TRANSMISSION h 

The persistence of the virus 
Uters m the tissues and 
and convalescent swine, ins nuircf^^“°^ 
high resistance of the ^ 

high temperatures, and 
susceptibility of all ‘ ^ 

factors that facilitate trans 
disease Natural infection is p fjcicJ'"!! 
readily by direct contact wit 
mils, but may also galio" 

to infected premises ana i b 
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inguinal regions. Interlobular and sub- 
pleural edema is often prominent and epi- 
cardial hemorrhages are striking. 

Lymph nodes. In African swine fever 
the lymph nodes provide some of the most 
distinctive lesions. The visceral nodes are 
hemorrhagic to a degree rarely seen in hog 
cholera. Superficially and on cross section 
the most hemorrhagic nodes resemble he 
matomas more than lymph nodes. Most 
consistently and severely hemorrhagic are 
the gastric, periportal, renal, and mesen- 
teric nodes. The thoracic and mandibular 
nodes, which are less severely involved, are 
usually mottled with hemorrhage. In the 
superficial groups of nodes the hemor- 
rhages are relatively slight and peripheral 
in distribution. An occasional node shows 
nothing but swelling, and the cut surface 
is moist. In a few cases the nodes are con- 
gested rather than hemorrhagic and appear 
diffusely pink to red. A grayish mottling of 
the peripheral or cut surface may indicate 
necrosis. 

Histologically, the lymph nodes of swine 
tvhicli die or are killed in die terminal 
stages of African swine fever invariably 
present hemorrhage, necrosis, and reacihe 
changes in capillary walls. Individual 
nodes do not necessarily show every one 
of Uiese changes, but all three have been 
demonstrated in every case exanuned. 


Small focal hemorrhages appear first in 
the subcapsular reticular spaces beneath 
die lymph sinuses and adjacent to the 
lymphoid follicles. As they increase in 
size, they progressively involve additional 
leticular tissue and lymph sinuses (Fig 
8.3) , and finally they infiltrate or displace 
the lymphoid follicles (Fig. 8.4) . Hemor- 
rhage IS sometimes so severe that it ob- 
scures other changes. 

Necrosis of lymphoid tissue, manifested 
by fragmentation and scattering of the 
nuclear chromatin of lymphocytes (kar)- 
orrhexis) , is a prominent and character- 
istic feature (Figs. 8 5 and 8 6) , Althougli 
most striking in the lymph nodes, it may, 
and usually does, occur any place in the 
body where lymphoid tissue is found. 

As a result of the marked depiction of 
lymphocytes, the arterioles and capillaries 
are conspicuous and appear to be abnor- 
mally numerous They are contracted and 
empty, their walls thickened and edem- 
atous, and the endoUiellal cells are piled 
up and protrude into the lumina. In more 
advanced cases, die walls of small vessels, 
especially near areas of lymphoid necrosis, 
are often gready thickened with a suben- 
dodielial accumulation of acidophilic, 
finely granular proteinaceous material con- 
taining some erydirocyies. Occasionally 
these altered vessels arc thrombosed. 


FIG. 8.3— Congestion 
and hemorrhage in a 
lymph node. A. Hemor- 
rhage m o porolrabecu- 
iar sinus. 8. Lymphatic 
Follicles are still pres- 
ent, C. There Is no 
hemorrhage in the 
pcnphorol cell-poor 
tissue, Hemoloxylln- 
eosln. X 22 , 
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may occur. C>anotic areas on the extrem- 
ities arc often noted. 

The clianges in tlie blood during U>e 
clinical course of African swine fe\er are 
similar to those of hog cholera. DeKock 
ct al. reported an a\erage drop of about 
50 per cent in the total leukocyte count in 
3 of 5 cases. The decrease in lymphocytes 
was commensurate. Blood counts ha\e been 
reported for rcry few animals but leuho. 
penia witli an alwolute lymphopenia would 
be expected from the extensi\e necrosis of 
lymphocytes obsened histologically in 
lymphoid tissues. DeTray aud Scott (1057) 
noted leukopenia beginning on the day 
the temperature rises, with the leukocyte 
count dropping steadily to 10 per cent of 
normal by the fourth day. They also ob- 
served an increase in the number of im- 
mature neutrophils. 

Dead) usually occurs by the seventh day 
after onset of fever, frcqucmly only a day 
or tvvo after observance of the first signs 
of illness. The mortality rate invariably 
exceeds 9 j per cent and usually approaches 
100 per cent. Tlic few recoveries reported 
have usually been among animals infected 
by contact with wild pigs. Establishment 
of the virus in domestic svvinc so enhances 
its virulence (hat recovery from African 
swine fever is rare in cither natural or cv^ 
pcrinienial infections. The few survivors 
may carry the virus for many months, 

PATHOLOGY 

General. Anim.ds with the typical diS' 
case usually die so rapidly that loss of con- 
dition is tinconunun. Early rigor mortis 
and rapid autolysiv indicate tlie need for 
prompt necropsy examinationf. 

Cyanosis of the rcJaiivcIy hairless skin 
on ll>e cars, snout, axilla. Hanks, vulvj. 
uil, and fetlocks is olicn striking in light- 
colored pigs. 'Ihc cyanotic areas arc red- 
dish purple ami sluiply demarcated. Ihc 
cyanotic dcjscndcnl jxnlions of (he car's 
aic frttiucmly swollen. Discrete bemof- 
rhagcs vviili dark centers ami lading edge* 
are seen gtusvly in the skin. |xiniaiUr!> or* 
the leg* aud aUlominal wall. 


Microscopically, small blood vessels m 
die dermis, especially the papilhry dermis, 
are severely congested and account for die 
cyanosis seen grossly. The vessels arc often 
ocxludcd by fibrinous thrombi, and numer- 
ous eosinophils surround these vessels. 
Small necrotic lesions in die basilar layer 
of epithelium liave been seen overlying 
die dirornboscd vessels at the niargtn of 
q anode parts of the ear (Fig. 8.2). 

When the dioracic and abdominal cavi- 
ties are opened, die pericardial, plcunl, 
and peritoneal fluids arc excessive in quan- 
tity; they arc clear and yellow and may be 
tinged widi blood. Engorgement of vessels, 
especially small superficial vessels of die ab- 
dominal viscera and mesentery', is striking. 
Small tan to bright-red pctcchiae, jo-calM 
bran Hecks, may be seen on the scrota of 
the viscera, especially of the small intestine. 
Dark hemorrhages deep in die wall of the 
colon arc often conspicuous, and occasion- 
ally dilTusc hemorrhage surrounds the Lid 
ncy. Locafited areas of edema may be 
found in the subliimbar, gastruitepatir, and 
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interlobular septa 2 or 3 mm in width 
and by subpleural thickening botli of 
whid\ are most apparent on the pleural 
surface Scattered petechiae and ecchymoses 
are found on the serous surfaces and in 
the parenchyma of the lungs in nearly 
every case View^ed microscopically these 
are seen to be foci of interstitial congestion 
with or without interstitial hemorrhages 
and infrequently with alveolar hemor 
rhages (Fig 8 10) 

In some cases karyorrhexis of lympho 
cytes similar to that in other lymphoid 
tissue occurs in parabronchial lymphoid 
nodules Bronchopneumonia as a second 
ary complication is rare presumably be 
cause of the brief fatal course of the dis 
ease Small areas of pre existent atelectasis 
and consolidation in the region of the 
cardiac notch similar to tliose encountered 
m swine in the United States are com 
xnonly found in European breeds of 
domestic swine in Africa 

Cuculatory system There is often an 
excess of pericardial fluid In a fewr in 
stances it is cloudy and contains strands 
of fibrin Cardiac hemorrhage of some 



fIC 8 6— Higher mogn fcoi on of Iho lymph 
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degree is observed in about 70 per cent of 
the cases Subepicardial and subendocar 
dial hemorrhages are most common and 
are sometimes diffuse very extensive and 
striking The subepicardial hemorrhages 



FIG 8 7— Splen c foil el* in wh eh odult lym 
phocyles ore reduced surrounded by an oc 
cumulal on of nueleor debris Hematoxylin 
eos n X 270 
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Spleen The majority of the spleens 
from animals with African swine fever are 
grossly normal Severe splenic engorge 
ment with enlargement commonly noted 
in South African cases by Steyn (1928) 
DeKock et al (1940), and others was 
seen in only about 6 per cent of the 83 ex 
penmental animals infected with tlie East 
African strain of virus by Maurer et al 
(1958) When engorgement occurs it may 
involve only a portion of the organ In 
swollen areas the pulp is deep purplish 
black and it bulges from the cut surfaces 
Lymphoid follicles are few and small 
Small dark red raised triangular infarcts 
occurred along the edge of the spleen in 
about 7 per cent of the swine m the senes 
studied by Maurer and co workers En 
gorgement of superficial vessels in the cap 
sule IS striking m some cases but lU 
significance is questionable 

Microscopically tlic usual changes are 
marked depletion of lymphocytes pen 
follicular and paratrabecular congestion 
characteristic necrosis and effacement of 
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(Fig 8 12) Karyorrhexis of the lymph 
ocytes usually is conspicuous and a char 
acteristic feature The hepitic cells border 
mg on areas of cellular infiltration are com 
pressed and often necrotic Necrosis how 
e\er, is not confined to liver cells at tliese 
sues but occurs in individual cells scat 
tered at random throughout the lobules 
Mild congestion is usually present 
Gall bladder Engorgement of superfi 
cial blood vessels m tlie wall of the gall 
bladder is the most striking change seen 
grossly The wall may be edematous at 
tunes the edema extends to dte liver cap 
sule, making it appear thickened and gelat 
inous along the line of attachment of the 
gall bladder Petechiae and ecchymoses 
may be scattered over the serous or mu 
cosal surfaces The gall gladder is usually 
distended with bile Microscopically vas 
cular engorgement submucosal edema 
karyorrhexis of lymphocytes in the sub 
mucosa and small hemorrhages are ob 
served In some instances autolytic changes 
in the gall bladder waU may cause con 
densations of chromatin in nuclei of both 
epithelial and mesencliymal cells to give 



FIG 8 12-lnfUrat on of the interlobular c^n 
nective t $sue of the liver by lymphoid ccH* 
Waryorrhexis of lymphocyle* end necrosis ot 
diwdsiot hepoti Hemaloxyl'" 

eos n X 220 


the appearance of intranuclear inclusions 
(Fig 8 13) These nonspecific inclusions 
are formed whenever there is sufficient 
autolysis of these cells therefore they may 
be observed m other conditions including 
hog cholera 

Pancreas In the cases studied by 
Maurer et al (1958) the pancreas usually 
appeared normal In some instances ec 
chymoses were observed but not the severe 
hemorrhage and extensive necrosis re 
ported by DeKock et al (1940) in their 
larger senes of cases in South Africa 

Uiogevutal system Hemorrhages most 
commonly petechiae occur in the kidney 
in about two thirds of the cases After 
removal of the renal capsule careful exam 
ination will usually reveal a few scattered 
petechiae but they are seldom as numer 
ous as in some cases of hog cholera If 
there are any subcapsular petechiae cross 
section will usually reveal more numerous 
petechiae in the cortex and medulla In 
about 5 per cent of the cases studied by 
Maurer et al (1958) very severe diffuse 
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FIG 3 1 4— Extreme con 
gestion and edema in 
the submucosa of the 
colon Hemotoxyl n 
eosin X 26W 



ination Extreme engorgement of the large 
thin walled vessels m the submucosa is 
most striking (Fig 8 14) Congestion in 
the lamina propria and edema of the sub 
mucosa are also common 
Central nervous system Congestion of 
the meninges is frequent but usually mild 
and small perivascular hemorrhages may 
be present (Fig 8 15) The brain itself 
appears normal grossly 
Microscopically in addition to conges 
tion and perivascular hemorrhages tliere 
IS often a mild lymphoid infiltrate in tlie 
leptomeninges These lymphoid cells may 
undergo karyorrhexis as do those in tlie 
lymphatic tissues Tiny hemorrhages al 
though few m number, are svidely scattered 
throughout the brain especially tlie brain 
stem 111 contrast to the report of DeKock 
ct al that perivascular round cell in 
fihrations were conspicuous by their ab 
sence Maurer et al (1958) found striking 
perivascular and intramural infiltrations in 
most cases although only a few vessels 
might be affected in any individual case 
(Fig 8 16) Often tlie vessel isall itself 
i\as distended uith nuclear debris and 


lymphoid cells while the Virchow Robin 
space appeared empty (Fig 8 17) Pen 
vascular infiltration of lymphoid cells was 
found regularly m the dioroid plexus 
along with destruction of these l)mphoid 
cells thrombosis and thickening of capil 
lary walls Generalized, early, acute neuro 



FIG 8 15— Perivascular hemorrhoge in the lep 
lomentnges Hematoxylin eot n X50 
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hemorrhage was found in the walls of the 
cal)ces, and tlie pelvis was filled with 
blood. When severe diffuse hemorrhage oc- 
curred in the hilum, diffuse hemorrhages 
were likely to be seen beneath the capsule. 
In some cases, similar hemorrhages in\ol\- 
ing the perirenal fascia have been striking. 

In general, the histologic changes in the 
kidney support the gross observ’ations, but 
many lesions that resemble petechiae are 
actually foci of interstitial engorgement. 

The adrenals usually appear normal, but 
occasional hemorrhages may occur in the 
cortex and medulla. 

In most instances the urinary bladder 
appears normal. In about 30 per cent of 
the cases of Maurer et al. (1938) , petecliiae 
were seen on the mucosal surface; in about 
20 per cent the mucosal surface was mod- 
erately and diffusely reddened. 

The testes appear grossly normal but in 
some cases tlie epididymis is severely en- 
gorged. 

Stomach. The stomach is usually filled 
with ingesta, thus attesting to the delayed 
anorexia. In about one half the cases there 
is evidence of acute, diffuse, often hemor- 
rhagic, gastritis, whiclt is most severe in 
ilic fundus. The hemorrhages vary from 
petechial to diffuse, witli bleeding into the 
lumen. Ulcers, often covered with necrotic 
debris, appear in the pyloric and fundic 
regions in about one-fourth of the cases. 

Small intestine. Inflammation of vary- 
ing degree occurs in the small intestine in 
about twoiliirds of the cases, but these 
cliangcs are generally less severe than in 
other parts of the digestive tract. The mani- 
fcsuiions of enteritis vary from localized 
red areas, with peiccliiac on the crest of 
mucosal folds, to generalized severe inflam- 
inaiion .ind diffuse hemorrhage. Erosions 
arc not observed. Occasionally pctediiac 
and cccli)nio$cs are scaiicrctl in the sul>- 
scrosa. In a few cases the Pcycr's patches 
are visible on tlie serosal surface as yellow- 
ish edematous areas sprinkled vsiih pcic- 
cliiac. The mesenteric blood vessels of 
the small intestine arc consistently engorged 
and very conspicuous. 

The region of the ilcoccc.al V'al'C nor- 


mally contains mucus-filled crypts and nu- 
merous lymphoid nodules. Congestion and 
even ulceration of the mucosa of the ileo- 
cecal valve is so frequent in pigs with a 
variety of diseases that tlieir presence in 
African swine fever is of questionable dif- 
ferential significance; however, infarction 
and the destruction of lymphocytes by 
karyorrhexis are typical of African swine 
fever. 

Cecum. Significant changes are seen in 
the cecum in about 50 per cent of the 
cases. The lesions vary from mild redden- 
ing to severe hemorrhage, vrith ulceration 
of the mucosa. Petechiae along with 
blotches and longitudinal streaks of diffuse 
hemorrhage are most common. Lesions 
simulating the "button ulcers” of hog 
cholera are unusual and occur in die 
cecum or colon only in cases of long stand- 
ing. When ulcers develop, they are usually 
small, deep, and covered with ncaoiic 
debris. Microscopically the ulcers appear 
to be the result of infarction. There is 
coagulation necrosis of the entire mucosal 
layer whjcli is sharply demarcated from 
the adjacent normal-appearing tissue b) 
a narrow zone of congestion, thrombosis, 
and degenerating cells. There is little or 
no cellular infiltrate, and bacterial colo- 
nics occur predominantly in the surface 
layers of necrotic debris. Subserosal hemor- 
rhages arc present in a few cases. 

Colon. Inflammation of the colon occurs 
in about 50 per cent of the cases. It vanes 
m severity, being seen as reddening, m^** 
tiplc petechiae or extensive lesions made up 
of confluent ccdiymoscs. The small ulcei* 
that form infrequently in the colon arf 
like those in the cccum. In many case* 
severe engorgement, which grossly^ 
sciublcs hemorrhage, occurs deep wiim* 
the wall and is equally evident from cither 
the mucosal or serosal surface. Ecchjnm>e» 
may be seen on the scrou* surface- Et*cn' 
commonly occurs in the subinurosa 
may extend into the mcscniery, whetc 
produces gross gelatinous thickening 
increased ir.inspaicnc). j 

Cross congestion. hcinorthJgCr ^ 
Cilcnia arc confirmed by microscopic eva- 



Chapter 8 AFRICAN SWINE FEVER Maurer, Griesemer, Jones 


157 


If these lesions are found, espeaally in 
animals believed immune to hog cliolera, 
the outbreak should be reported to state 
and federal authorities concerned wiUi the 
control of animal diseases, and efforts made 
to confirm the diagnosis In the absence 
of a serologic lest and the lack of potent 
immune sera against tlie possible strains of 
African swine fever virus, a confirmatory 
diagnosis depends in part on tlie elimi 
nauon of otlier diseases, especially hog 
cholera A distinction from cholera can be 
made by challenging pigs known to be 
cholera immune with the suspect virus or 
less desirably, by demonstrating the inabil 
ity of anti hog cholera serum of known 
high titer to protect test pigs against the 
suspect virus African swine fever also can 
be diagnosed by histological study of the 
typical lesions whicli are described m this 
Kapler and given in greater detail by 
Maurer et al (1958) The most cliaracier 
istic lesions are tiie severe hemorrhages 
found throughout the body and marked 
karyorrhexis of lymphoid cells The micro 
scopic lesions of greatest diagnostic signi 
ficance m African swine fever are in the 
lymph nodes, spleen, liver brain, and large 
intestine Microscopic lesions that may 
facilitate diagnosis appear with less consist 
ency in the kidney, gall bladder, lung, 
and heart Impression smears of lymph 
nodes may reveal severe karyorrhexis of 
lymphocytes When the diagnosis is to be 
made in a region where the disease has not 
occurred previously, the combined use of 
all methods of arriving at a definite diag 
nosis IS recommended 

It is obvious that researcli is urgently 
needed to obtain information on the anti 
genic characteristics of eacli strain of Afri 
can swine fever virus, to provide antisera 
for strain typing, and to develop a serologic 
test to confirm the diagnosis 

IMMUNITY 

In view of the demonstrated ability of 
African swine fever to infect consistently 
and kill essentially 100 per cent of exposed 
domestic swine, it is evident why so little 
information is available on tlie immunity 
of recovered animals In die few instances 


in which DeKock et al (1940), Mont 
gomcry (1921) , and Steyn (1928) reported 
the experimental challenge of recovered 
animals, the immunity was found to 
be incomplete, inconstant, and transient 
even when the challenge was made with 
the homologous strain DeKock et al 
noted that the virus persisted in the blood 
of reoavered domestic swine for periods as 
long as 10 months, but the immunity status 
of these carrier swine has not been re- 
ported 

hfany workers have demonstrated that 
swine immune or hyperimmune to hog 
cholera are susceptible to African swine 
fever 

To date, numerous attempts to develop 
a useful vaccine against African swine 
fever have failed Methods used to m 
activate the virus for vaccine production 
have included heat, Lugols solution, for 
malm, toluol (Walker, 1933) , and crystal 
violet (DeKock et al, 1940) In one in 
stance Walker found that immunity con 
feired by the immune serum virus simul 
taneous method still existed at 192 days 
but not at 283 days He also observed that 
animals immunized by the serum virus 
method, and then hypenmmunized by ad 
dittonal doses of the same virus, were sus 
ceptible when exposed to virus from 
anoUier source (strain) Methods involv 
mg the use o£ immune sera would be im 
practical because of the difficulty in pre 
paring immune sera 

South African workers have reported 
that pigs inoculated with virus partially at 
tenuated by egg passage survived and were 
subsequently immune to the original 
homologous Soutli African strain but not 
to a strain from the Belgian Congo 

PREVENTION AND CONTROL 

Prevention and control are presently de 
pendent upon an awareness of the ever 
present threat of African swine fever, im 
port restrictions, prompt diagnosis, quar* 
antme, and slaughter The need for the 
development of a diagnostic serologic test 
and an effective vaccine is obvious and 
urgent. 
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nal degeneration was observed in all 
brains studied, even when other changes 
were few. Sometimes the neuronal degen- 
eration was associated with neuronophagia 
and focal glial proliferation. 

DIAGNOSIS 

The major problem in the diasnosis of 
African swine fever is that of differenti- 
ation from hog cholera. The clinical fea- 
tures and gross lesions of African swine 
fever are so similar to those of hog cholera 
that careful observation, examination, and 
necropsy of several animals from a suspect 
herd are needed to distinguish one from 
the otlier. These studies should not be 
limited to one animal, for the gross lesions 
in individual cases of either hog cholera 
or African swine fever may be meager and 
inconspicuous. The diagnosis is best made 
on a herd basis and should always be sup- 
ported by histopathologic study or die in- 
oculation of hog choleraummune animals, 
preferably both. The only animal suitable 




FIG. 8.17— Broin. Infiltrolion of o vessel 
wUh koryorrhexis ond pyknosis of tKe Infillw* 
ing lymphoid cells. Hemotoxylln-eosln. X 305. 


for diagnostic inoculation is die domesuc 

P*g- , 

African swine fe\er should be suspecteu 
when, in a febrile disease of swine, other 
clinical signs frequendy fail to develop 
until within IS hours of deatli, and when 
the disease is diolera-like, higlily conw* 
gious, essentially 100 per cent f-iwl, .^nl 
productive of gross lesions similar to, hut 
more severe than, those of hog cholera- 
The most significant gross lesions include, 
cyanosis and Jicmorrhagcs of the skm. 
hemorrhages of iltc lymph nodes, hcinor* 
rhages on the heart and kidnc)S, pulino- 
nary interlobular edema, ,uid congesuon 
and edema of the gall bladder.* 
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Uie Motion I'lciure Service of the 
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CHAPTER 9 


Pox in Swine 


Pox in swme has been reported in Europe, 
Asia, Africa, and North and South America 
It occurs m practically all areas in which 
the swine population reaches proportions 
of economic significance This infection 
readies its highest incidence in the mid 
western area of the United States, where 
the hog population is the greatest 
The earlier studies and reports of pox in 
swine TV ere recorded in Europe Spinola 
(1842) reported on investigations of pox 
infection in swine and expressed serious 
doubt as to the existence of a primary pox 
m swine The virus strains used m his 
studies appeared to be closely related to 
those of vaccinia Peiper (1901) believed 
that human variola could be transmitted 
to swine and that it was possible to infect 
man with swine pox virus Poenaru (1913) 
transmitted pox infection from diseased 
to healthy young pigs and found tliat the 
disease was caused by a filtrable virus 
There is definite evidence from the studies 
conducted by some of the more able pa 
thologists tliat the pathologic changes in 
swine characteristic of pox, may be pro 
duced by tuo different viruses Nearly all 
of the pox infection studied by Yoshikawa 
(1930) and Akazawa and Matsumura 
(1937) involved virus strains that were 
immunologically similar to that of vac 
cinia Akazawa and Matsumura were able 
to establish typical infections m rabbits 
with these virus strains Velu (1916) was 


not able to establish tlie viral infection 
from swme to rabbits McNutt e/ (1929) 
likewise failed to infect rabbits witli swine 
pox virus Manninger and his associates 
(1940) reported an outbreak of po't m 
swine from which vaccinia virus was iso 
laied Manninger as well as other wofl^ers 
described a disease of swine diaractei'ized 
by pox lesions caused by a filtrable Virus 
immunologically different from vacCmia 
virus This virus could not be transmitted 
to rabbits The gross and microscopic 
pathology of the pox lesions produced by 
these two types of virus are strikiJigly 
similar Schwarte and Biester (1941) con 
ducted extensive investigations on pox m 
fections in swme with speaal emphasis on 
host species susceptibility and immunolog 
ical relationships The experimental data 
secured in these studies clearly indicated 
that typical pox infections m swme rflay 
be produced by vacania virus as well as 
virus strains infectious only to swme 

TERMINOLOGY OF POX INFECTIONS 
IN SWINE 

The majority of cases of pox m swine 
studied in this country and abroad wC^e 
assoaated with virus tliat was iminunolOg 
ically similar to vaccinia Likeuisc, die 
virus could be established in susceptible 
hosts other tlian swine Manninger 
(1940) pmposed that swme pox be us<-d 
to designate the disease produced m siviiie 
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VACCINIA (Variola vaccina. 
Cow Pox) 

This type of pox virus has a wide vaneiy 
of hosts, and the infection may be trans 
nutted to man as well as to practically all 
domesticated and laboratory animals The 
majority of outbreaks of pox in swine are 
caused by vaccinia virus infection The 
greatest incidence occurs in young swine 
uliich are highly susceptible to infection 
Older swine are quite resistant while the 
mature swine retained as breeding stock 
rarely contract the disease Some authorities 
have suggested the possibility of mature 
suine having recovered from po\ infection 
at an early age, tliereby developing an 
active immunity 

The incubauon period the course of 
the disease through the various stages and 
tlie pathologic condition produced by \ac 
cinia infection m swine are identical with 
those produced by the swine pox virus 
(For more detailed information on vaccinia 
consult Smadel, 194S) Pox infection in 
swine and the relationships of the two 
>irus infections will be described in more 
detail under swine pox ' 

Swine recovering from vaccinia infec 
tion develop strong immunity for life The 
immunity is specific for vaccinia only and 
not for swine pox infection 

SWINE POX (Variola suilla) 

NATURAL INFECTION 

Young swme are susceptible to infection 
by swinc pox virus while the older and 
mature animals arc highly resistant, whidi 
is likewise applicable to most animal pox 
diseases The majority of outbreaks of 
suinc pox under field conditions, uii 
comphc'iicd b) otlier diseases, arc quite 
similar m nature The disease is usuallj 
cQurmcd to suckling pigs ranging m age 
fiom I to G weeks I lie lesions arc prt 
doiniiiantly located on the backs and sides 
of ihe alftcicd aninnls Rarcl). individuil 
pigs liny develop generalized jwx cnip 
lions, including lesions al«JUi the nose iiid 


moutli associated with febrile reactions 
loss of appetite, and progressive weakness 
usually terminating in death The typical 
lesions measure approximately one centi 
meter in diameter, are round and rather 
smootli, with no areas of depression The 
margins of these lesions become light gray 
similar in appearance to lesions frequently 
observed in some fungous infections (Fig 
91) Dark brown crusts develop shordy 
after the maximum development of the 
lesions There appears to be considerable 
skin irritation during the course of the 
disease Consequently, the infected swine 
icsort to scratching and rubbing on wire 
fences buildings, and other equipment 
causing tlie integument to crack and break 
and allowing serous or hemorrhagic exu 
dale to be liberated from the skin lesions 
The exudate attracts flics and insects 
causing secondary infection, and m all 
probability dicse insects arc responsible 
for die spread of infection to other suscep 
tible animals in the immediate vicinity 
In one particular swinc herd under obscr 
vation no hce could be found on any of 
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by the virus immunologically similar to 
vaccinia v^rus and that the identical pa 
thologic condition produced by the hltrablc 
virus, proved to be immunologically dis 
tinct from that of vaccinia, be designated 
as poxlike eruptions of swine This pro 
posal, if accepted, would only add con 
fusion to a rather unusual pathologic 
complex Sdiwarte and Blester (1911) have 
clearly demonstrated tlirough cross im 
munity studies and species suscepttbilu) 
tests drat virus strains which for years have 
been regarded by scientists as ‘‘similar’ to 
vaccinia are identical vvidi vacemn and 
should be regarded as vaccinia infection 
in swine The pox infections caused bv 
virus strains immunologically distinct from 
vaccinia and which can be transmitted to 
swine only, should be designated as svvine 
pox These designations are definite and 
eliminate the confusion in terminology 
which has existed for years 

ETIOLOGY 

Fox infections m svvine are caused by 
fiJtrabJe viruses The general properties of 
the pox viruses are quite similar Accord 
ing to Stanley (1947) the pox viruses range 
from 210 to 260 m^i in sire The viruses are 
dermotropic in nature and their activities 
are largely confined to epithelial tissue 
Pox infections m swme may be spread by 
the hog louse (Haematopinus suis) which 
IS a rather common blood sucking external 
parasite Occasionally, a septicemic form of 
the disease will appear m an individual 
animal, whicli terminates fatally in most 
cases The host range varies greatly Vac 
cinia may be transmitted to a wide variety 
of animal speaes while such viruses as 
avian and swme pox are specific for their 
respective susceptible avian and porcine 
hosts These viruses are filtrable and will 
pass through the Berkefeld V and N filters 
as well as the Chamberland Lg filter A 
considerable amount of virus adheres to 
tlie filters during the filtration process 
Many of these pox viruses may be culu 
vated on artificial media m the presence 
of living cells 


VACCINIA VIRUS 

Vaccinia virus has been studied m 
greater detail than any of the pox viruses 
and consequently more is known of the 
characteristics and die general properties 
of the virus Smadel (1948) indicates that 
the virus particle is of the order of 236 m/i 
in size The virus is filtrable through 
Berkefeld V, N, and W filters as well as 
Chamberland Lg There is considerable 
adsorption of the virus to most filters 
Vaccinia virus exposed to 55° C for 20 
minutes is destroyed Virus particles m 
corporated in dried crusts remain acme 
for more ihan one year and may be stored 
m glycerin for a longer time Exposure to 
ultraviolet light destroys the virus rapidly 
Various commercial viricidal agents are 
destructive to vaccinia virus The virus of 
vaccinia can be cultivated readily on all 
susceptible laboratory and domesticated 
animals It has been successfully grown on 
the scarified cornea of the rabbit, on die 
cliorio-allantoic membrane of the chicken 
embryo, and on suitable tissue culture 
media 

SWINE POX VIRUS 

Comparatively little research has been 
done on the characteristics and physical 
properties of swme pox virus The virus 
passes through Berkefeld V and N filters 
It also has been filtered through the 
Chamberland Lg porcelain filter Filtration 
studies indicate that the virus of swine pox 
approximates the size of other animal pox 
viruses which range from 210 to 260 m/i 
We have no confirmation of the virus size 
by the filtration techniques used Uhrafil 
tration tlirough membranes of graded po- 
rosities, ultracentrifugation, and sedinien 
tation constants have not been used m die 
study of swine pox virus The virus is host 
specific for swme Virus incorporated in 
the dried crusts, or m glycerin at room 
temperature, or under refrigerated condi 
tions remains active for a long time Li e 
vaccinia virus, it may be destroyed by adc 
quate exposure to sunshine or ultravioe 
light 
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instances Subsequent inoculation of re 
covered swine failed to produce any re 
action, indicating a well developed im 
munity 

SPECIES SUSCEPTIBILITY 
Experimental inoculations of swme po\ 
virus were made into vaiious species of 
animals including the horse calf, sheep 
pig, dog, cat, domestic fowl, rabbit, guinea 
pig, rat, mouse, and man to determine the 
susceptibility of these species to this viral 
infection Cutaneous inoculations ivere 
made, similar to those previously described 
for successful transmission of swine pox to 
susceptible swme The first inoculations 
were made with the Berkefeld N filtrate 
The pig was the only species in whicli posi 
tive reactions were produced Two weeks 
after the first inoculations were made, 
these same animals were inoculated with 
crude unfiltered viral suspension No re 
actions resulted from these inoculations 
The susceptibility tests m man were con 
fined to the use of the Berkefeld V and N 
filtrates to avoid possible bacterial infec 
tion from the crude viral suspension No 
positive reactions were obtained 

IMMUNOLOGICAL REUTIONSHIP OF 
SWINE POX VIRUS AND VACCINIA VIRUS 

The problems assoaated with pox jn 
fections in swine herds under field condi 
tions create considerable confusion to the 
veterinarians as well as the swme pro 
ducers It might be well to briefly review 
some conclusive experimental evidence to 
clear up questions on immuniiy involving 
swme pox virus and tJiat of vaccinia The 
extensive researches carried on with vac 
cinia virus over a period of )cars ha'c 
clearly proved tliat various species o{ 
'inimals are more or less susceptible to 
vnccmia infection, particularly the rabbit 
vvhicli IS highly susceptible to this disease 
Because none of tlie speaes exposed, vvith 
the exception of the pig, showed a positive 
reaction to inoculation with the swme 
virus. It v\as desirable to detcmuuc 
vvhcUicr or not these animals were iiniiuiuc 
to vaccinia Experimental animals includ 


ing the horse, calf, and rabbit, which 
failed to react to the inoculation of swme 
pox virus, and a number of pigs which 
had recently recovered from the swme pox 
infection, were inoculated cutaneously 
with vaccinia virus Strong positive re 
actions were secured m the horse, calf, 
pig, and rabbit inoculated with the vac 
cmia virus The reactions m tlie sheep 
and dog were definitely positive but not 
nearly as severe as tliose of tlie other 
animals Since the experimental animals 
which were refractory to infection with 
the swme pox virus proved to be suscep 
tible to that of vaccinia it would indicate 
that the viruses are imraunologically dis 
unct Furthermore, die positive vaccinia 
reaction m die pigs whicIi Ind recently re 
covered from swine pox indicates that dierc 
was no immunity or protective influence 
developed against vaccinia infection How 
ever, pigs recovering from swme pox infec 
lion proved to be immune to subsequent 
inoculation w'lth swine pox virus Based 
on the experimental evidence presented 
there is no immunological relationship 
apparent between the virus of swme pox 
and that of vaccinia 

PATHOLOGY 

In field cases the lesions were largcl) 
confined to the backs and sides of the dis 
cased animals The early lesions developed 
following hjperemia and l>mphaiic dis 
tention to form papules is the result of 
epithclia] proliferation Hus proliferation 
extended into the deeper structures in 
volving the stratum granulosum Tiic dc 
generative process observed in these lesions 
was not as extensive or severe as usually 
encountered m typical pox lesions The 
superficial, necrotic, epidiclul layers dc 
vclopcd into siiioodi grayish brown crusts 
wlucii in many instances became cracked, 
exuding serous matter Tiie stages of 
vcsiculation and pustulition were not as 
well defined as those commonly cn 
coimlcrcd in jjox Icstom Regcncraiion of 
the cpithehuin, accompanied by desiccation 
of tlic necrotic tissue and crust formation, 
was rapid Extensive Icukocytsc Hvfvhravion 
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the swine on tlie farm. The s^vi^e were 
confined in unit areas of one acre in size. 
The infection spread rapidly to four of 
these units in one section of the farm. 
Later, the disease appeared in tuo units 
about one-quarter mile from the original 
focus of infection. The animals in other 
units were not affected. The disease spread 
rapidly in the infected areas until the ar- 
rival of cold weailier whicli arrested the 
activity of tlie flies and mosquitoes. The 
course of the disease was about 6 weeks 
in most cases. Delayed recovery as the re- 
sult of secondary infection was observed 
in a number of instances. The mortality 
in uncomplicated swine pox is negligible, 
but seriously retarded growth and develop- 
ment are usually obser\ed. 

TRANSMISSION 

Swine pox virus for use in transmission 
experiments (Schwarte and Biester, 1941) 
was secured from well-developed lesions on 
naturally infected swine raised and main- 
tained under field conditions. This 
material was carefully selected from lesions 
wluch showed no evidence of secondary 
bacterial infection. The material tvas finely 
triturated in a mortar to which ph)siolog- 
ical salt solution was added A thousand- 
fold dilution was made, and a portion of 
this crude viral suspension was filtered 
through Berkefeld filters. Botfi the filtrates 
and tlie unfiltered preparations ^vere used 
for animal inoculation 

Healthy young pigs approximately 8 
weeks of age were selected for inoculation. 
Suitable areas of the skin on die back and 
underline were thoroughly cleansed and 
disinfected following the removal of the 
hair. The residual disinfectant was washed 
off with sterile distilled water. Inoculations 
IV ere made by means of needle punctures 
and the usual skin scarification lecimic. 
Crude, unfiltered viral suspensions and 
filtrates, passed dirough Berkefeld V and 
K filter candles, were used. Positive re- 
actions developed m all inoculated pigs. A 
mild general reaction followed by a slight 
rise in temperature was observed several 
da^s after inoculation. Small red spots ap- 


peared at the point of inoculation 4 and 5 
days later. The lesions developed rapidly 
into smootli, hard elevations, whidi 
ranged from 1 to 3 cm. in diameter, on 
the backs and sides of tlie inoculated swine. 
Hard crusts formed on tlie surfaces of tliese 
lesions, whicIi soon cracked and dropped 
olF. On the underline, small eruptions 
developed into typical pox lesions passing 
through the successive stages of papule, 
vesicle, and pustule formation, becoming 
umbilicated and covered witli dark-brown 
crusts or scabs (Fig. 9.2) . The scabs 
dropped off in several da>s, and complete 
recovery followed in 12 to 14 days m most 
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the herd infection for considerable time 
Herd infections occurring in late summer 
may continue until cool weather arrests 
the activity of flies and mosquitoes which 
are a factor in the spread of infection, 
especially where skin lesions coalesce and 
are broken by rubbing or scratching 
Secondary infections of these lesions delay 
recovery On rare occasions, the disease 
assumes a septicemic form accompanied by 
a high temperature (107-108°F), weak 
ness, loss of appetite, chills, depression, 
and rapid dehydration Lesions may be 
come generalized, extending to the eyes, 
nose, and mouth, with eruptions some 
times developing on the mucous mem 
branes of the pharynx, trachea, and bron 
chi Progressive weakness and respiratory 
complications may be observed prior to 
deaUi 

The true course of the disease, un 
complicated by other conditions, can be 
better observed under experimental con 
diiions Small red papules appear 4 or 5 
da)s after the virus is placed on the scan 
fied skm A slight temperature elevation 


and general reaction may occur at this 
time The lesions may de\elop into abor 
tive vesicles and pustules, or on the back 
of the pig the lesion usually enlarge rapidl> 
into hard elevations from 1 to 3 cm in 
diameter The hard crusts tliat form on 
these areas drop off in a few da>s The 
course of the disease usually runs from 
14 to 20 da)s 

DIAGNOSIS 

An accurate diagnosis of pox in swine is 
not difficult when skm lesions m the van 
ous stages of development can be ob- 
served on the underline of the infected 
swine The lesions on the back and upper 
sides can be confused with fungous infec 
tions such as ringworm There are no 
lesions found on the feet The disease 
runs a definite course recovery is com 
plcte and is followed by an active im 
munit) Differentiation of swine pox from 
vaccinia can be determined by CTOss-im 
munization tests The vesicular lesions on 
the mucous membranes of the mouth and 
tongue togeiJier witJi the fool lesions of 


FIG 9 4— Degeneration 
suppuration X 150 
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FIG 9 3--Leukocytic inflira 
tion and cell vacuolizat on 
X 300 


was commonly observed in areas involving 
secondary infection Regeneration of tlie 
epiihelial structures was seriously retarded 
m areas where considerable necrosis of the 
epitlielium occurred 
The lesions on die back, in experi 
mentally induced cases, VNcre comparable 
with diose described from field cases How 
ever, die experimental animals were con 
fined to clean pens in a screened building 
comparatively free from insects Secondary 
infection of the lesions was eliminated 
Tlie lesions which developed on the under 
line of the expenmciital swine were not 
characterized b> an cxiensivc cellular pro 
hferation The localized hyperemia and 
congestion v\ere more evident The 
vacuolization and distention of cells 
seemed to be greater Tlie stages of vcsic- 
ulation nml pustule formation were more 
marked Desiccation seemed to take place 
first in center of die lesion, causing a 
defimic umbihcation typical of the imc 
pox lesion The epithelial regeneration 
was more rapid on the underline areas 
dian on the backs of the cxpcnmcntil 


swine The greater vascularity of the skin 
on die underline of die pigs undoubtedly 
plays an important part in the com 
paratively more rapid epidiehal rc 
generation in this area 

The histopathologic cNamination of 
these dilTerent types of lesions showed die 
same general changes, including die initial 
inflammatory reaction followed by degen 
oration of die epidiehal cells, later infil 
tration widx leukocytes, and finally die 
epithelial regeneration These lesions arc 
characteristic of tyical pox lesions 

COURSE 

In the grert majority of cases, pox nm* 
1 typical and favorable course An 
break of pox in a large swine herd 
quendy goes without detection until some 
of the infected animals rub and scrate i 
on fence posts, feeders, buddings, or oiorr 
equipment, as the result of the dcrniaut‘| 
caused by developing skin lesions Scvcra 
weeks nny elapse before all of the suscri^ 
tiblc swine m the herd Invc become 
fcctcd, which extends the duration o 
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around the hair follicles Bedding which 
contains certain, irritating substances may 
produce considerable skin reaction Baby 
pigs farrowed and raised in the field often 
develop dermatitis from certain weeds or 
short stubble residues of gram fields The 
raised areas about the hair follicles are 
often confused with papule formations of 
swine pox They do not develop into 
vesicles pustules or scabs The dermatitis 
may persist for weeks especially if weather 
conditions are favorable for continued 
skin irritation After the animals reach 
forty or fifty pounds the skin becomes less 
sensitive and dermatitis of this type usually 
disappears Foot and mouth disease and 
\esicular exanthema are two diseases whicli 
should not be confused with swine pox 
Delayed diagnosis of either of these highly 


infectious diseases may result in a rapid 
spread of these infectious agents and a 
great economic loss through eradication by 
slaughter and quarantine 

PROGNOSIS 

Po\ in swine usually runs a definite 
course and the prognosis is good in un 
complicated cases The losses are negligible 
and the only effects on the swine are re 
tarded growtli and de\elopment except in 
occasional individuals that develop the 
septicemic form of the disease whicli 
terminates fatally Other infectious dis 
eases especially those which involve die 
respiratory tract may be complicating 
factors responsible for high mortality m 
pox infected swine Heavy losses following 
unfavorable reactions have been reported 
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FIG. 9 5— Scab formotlon fallowing degenerotive changes. X 150. 


foot and moulh disease, arc sufTicicnt to 
differentiate tliis infection from ssvinc pox. 

The typical lesions of ^csicular ex- 
anthema, including the foot lesions, should 
not be confused uith the lesions of suinc 
pox. Skm lesions on the underline of 
young pigs associated ssilh hog cholcm 
do not progress through the successive 
stages characteristic of swine pox lesions 
I he clinical signs obsened in pigs during 
the various phases of hog diolcra are not 
manifested m suinc pox infection. Ijic 
skin lesions commonly observed in the 
course of suinc erysipelas do not resemble 
those of suinc jkjx. A siral di^jsc of 
\oung reported by Dur.ind et al. 

\l93Gy could be confused uiih the com- 
naratiNcly rare septicemic form of suinc 
|jax This condition is sometimes icfcircti 


to in the literature as suincherds 
because it is frequently transiuiucd 
stockmen and farmhands from disea 
suinc. Young pigs develop a general/^ 

reaction folloucd by a maculopapular ra m 

and conjunctivitis Tigs 
ilic disease shove hemorrhages in die • 
throat, intestine, and renal pelvis. * 
susceptible to this infection include ) 
suinc, ground sipnricls. ferrets, nurc. 
cals, as ucll as man. Suinc pox is dc “** 
a specific ihveasc of suinc and not tr 
missiblc to otiicr species of amnia s 
nun. 

Various forms of elcrniatitn .j 

iiiicnily confused unh jxix m man ” 

4 S vuinc. Young pigs have 

live skin and arc subject to inHaim* • 

itjctionv usu.dl) cauiing suuH lan^' 
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Vesicular Exanthema 


Vesicular exantliema of su me (VES) is an 
acute, febrile, infectious viral disease, 
characterized by the formation of vesicles 
on one or more parts of tlie body The 
course of die disease is usually about 1 to 
2 tseeks, the mortality is low, and recovery 
following uncomplicated viral infection is 
complete The incubation period in both 
the natural and experimental diseases var 
tes from 24 to 72 hours, with extremes 
ranging from 12 hours to 12 days All ages 
as well as all breeds of swine appear to 
be susceptible (Madin and Traum, 1955) 
Occult cases do occur (Mott et al , 1953, 
Bankowski et al , 1955) 

history 

On April 23, 1932, a disease afflicting 
only swine, and clinically indistinguishable 
from foot and mouth disease (FMD), was 
reported on a hog ranch near Buena Park, 
Orange County, California Quarantine 
and inspection of the entire area was im 
mediately instituted by state and federal 
authorities On April 28, infected swine 
Were found on 2 additional ranches near 
by On April 30, the disease was discovered 
on 2 adjoining randies at Bellflower, Los 
Angeles County, some 15 miles distant from 
the original Buena Park focus By May 4 
the disease had spread to a third ranch 
nearby, and this was the extent of the in 
fection as it appeared in Los Angeles Coun 
ty The disease was then discovered on a 


ranch located about 2 miles nortli of the 
original Buena Park focus on May 3, tlius 
ending die spread of infection in Orange 
County Inspection of a ranch in San Ber 
nardino County, on May 5 and 6, showed 
the disease to be present although sepa 
rated by 50 miles from the other two foci 
The San Bernardino County infection was 
the last to be reported and represents the 
known extent of the 1932 outbreak The 
disease was diagnosed FMD, all animals 
directly and indirectly involved in the out 
break were slaughtered and buried the 
premises washed with lye solution, and all 
new livestock excluded for 30 days In 
demniues of ?203 328 for the loss of the 
18 747 swine 46 cattle, and 24 goats were 
paid jointly by the state of California and 
the federal government (Madm and 
Traum, 1955) 

The virus from the 1932 outbreak failed 
to induce lesions in 24 guinea pigs, 2 
calves 2 heifers, I adult cow, and 2 horses 
On the basis of these tests die diagnosis 
of FMD was made even tliough Traum 
recognized that it was rather atypical 
(Traum, 1933, 1934) All virus collected 
during the outbreak ivas ordered destrojed 

In March of 1933, a disease again re 
stricted to swme and clinically similar to 
the 1932 outbreak appeared m San Diego 
County, California, 100 miles distant from 
the 1932 foci The original focus and the 
immediately adjoining ranch were both 
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subsequent to hog cholera vaccinauon of 
pox infected swine 

IMMUNITY 

Swine whidi have recovered from pox 
infections usually develop an active im 
munity for years Immunity from swine 
pox does not offer any protection against 
laccinta inlection Immunity following 
recovery from vaccinia gives no protection 
against swine pox It is possible to carry 
out protective vaccination with both swine 


pox and vaccinia virus Virus secured from 
the lesions of an infected animal can be 
used for cutaneous vaccination Young pigs 
vaccinated with glycennated pox virus de 
velop localized lesions without generalized 
reactions folloued by immunity The ma 
jority of pox outbreaks in swine cause little 
loss aside from temporary retarded growth 
and development so vaccination is not 
usually needed or practiced to any extent 
in this country 


REFERENCSS 

\kaza\va s and Matsumura T 1937 Rep Govt Inst Vet Res (Fusan) 10 8 
Durand P Giroud P Larrive E and Mestrallet A 1936 Transmission exp^nmentale a 
I homme de la maladie des porchers Compt rend Acad Sa 203 830 
Mannincer R Csontos J and Salyi J 1910 Uber die Atiologie dcs pockenartigen. Ausschlags 
der Ferkel Arch f Tierheilk 75 159 

^IcNuTT s H Murray C and Purwin P 1929 Swine pox Jour Amer Vet Med Assn 74 752 
Peiter H 1901 Die Pockenimpfung p 20 

PiCKixs E G AND Smadel J E 1938 Ultraccntnfugation studies on elementary bod es of vac 
one virus I General methods and determination of particle size Jour Expcr Med 08 583 
PoENARU J 1913 Recherclics sur le virus filtrant dans la vanole des porceleu Bull Soc cent 
Med Vet 67 U8 

SaiWARTE L H AND Biestxr H E 1941 Pox in swine Amer Jour Vet Res 2 136 
Smadel J E 1948 /« Rivers T M Viral and Rickettsial Infections m Man J B Lippincott 
Co Philadelphia pp 314 328 

Spinola M 1812 Krankheiten der Schweine A Hirsdiuald Berlin p 204 
Stanley W M 1947 Chemical studies on viruses Chem and Engm Ne\vs 25 3786 
Vccir H 1916 Coftcnbutfon i lefurfe <fc lAtologie <f« la tanofe des poiwlcts Rccueil Med 
VcL 92 24 

^OSMINASVA M 1930 Die Uncersuchung uber Schweinepockcn in Mandscliurei (2 Mittcilung) 
Jour Jap Soc Vet Med 9 2 



Chapter 10 VESICULAR EXANTHEMA: S. H. Madin 171 


Angeles County, ivith the largest hog popu- 
lation in tlie state, had been free of the 
disease for 6 years prior to March, 1910 
(Hurt, 1940-41) . 

On December 4, 1939, an outbreak 
of VES ^vas found on one ratv-garbage- 
feeding hog ranch in San Mateo County. 
An immediate and rigid quarantine 
was imposed on the infected area 
Slaughterers, commission firms, and stock 
yard officials were ordered not to ac- 
cept shipments of hogs from tlie infected 
area. This economic quarantine was re- 
laxed only when a definite diagnosis had 
been made, and then only swine coming 
from noninfected premises could be slaugh- 
tered. In addition, all hogs going to slaugh- 
ter from the area were individually ex 
amined. In spite of all the quarantine ef- 
forts, 223,000 hogs, on 123 premises located 
in 25 counties, became infected. Within 6 
months, one fourth of the state's hog popu- 
lation was involved (Duckw'orth, 1953a). 


Fiom June to October of 1940, a respite 
from the disease occurred, but on October 
5, 1940, the infection reappeared in 12 
counties in the central portion of die state, 
and in December of 1940 it occurred in 
Los Angeles County, involving 57 premises 
and 54,250 additional swine. During the 
year 1940, 277,250 swine on 169 premises 
were infected. The 1940 outbreak was 
notable for its severity and for the inclusion 
of 7 gram-feeding ranches and one stock- 
yard This was the first time that infections 
ivere observed on nongarbage-fceding 
premises (Duckworth, 1953a) 

After 1940 the recording of individual 
outbreaks was discontinued; instead, the 
total number of outbreaks for any one 
calendar year ivas recorded. Since 1940, the 
disease has recurred in California each year 
through 1955 Table 10 1 shows the 
number of outbreaks, the origin, and the 
number of swine in\olved per year for the 
first 20-year period (1932-51), during 


TABLE 10 1 

Inqdence op Vesicular Exantheua ix Caufornia for the Period 1932 to 1951, Siiowiso Number and 
Type op Infected Premises * 



Number of Oucbreaks According to 
the Types of Premucs 


Total 
Sums 
in State 

Per Cent 
Total 
Svitne 
Infected 

Year 

Garbage 

Feeding 

Grain 

Feeding 

Slaughter 

House 

Swioe 

Involved 

1932 . 

5 

0 

0 

18,747 

672,000 

{%) 

3 



0 

0 

5,533 

706,000 

0 7 



0 

0 

95,917 

660,000 

14 4 

1935 




10,100 

530,000 

2 0 

1936 




IJ,625 

610,000 

3 I 

1937 




0 

732,000 


1938 




0 

820.000 


1939 




32,000 

763,000 

0 4 

1940. 




277,250 

885,000 

31 3 

1941 

155 

15 

' 0 

160,104 

876,000 

18 0 

1942 




84,300 

894,000 

0 9 

1943 




288,355 

1,019,000 

28 0 

1944 




429,876 

1,060,000 

41 5 

1945 




127, 620 

763,000 

16 7 

1946 




108,732 

717,000 

15 2 

1947 



4 

212,535 

664,000 

32 0 

1948 




84,566 

641,000 

13 0 

1919 , 




199,875 

671,000 

29 8 

1950 1 




272,222 

687,000 

39 7 

1951 

53 

1 

4 

82,442 

653,000 

12 4 

Tout is 

1,266 

49 

49 

2,514,299 

11,808,000 1 




* Modified from Madin and Traum (1955) 
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found to be infected on Marclt 20, and 
tlie infection was reported from a third 
ranch on March 31, and from a fourtli 
a few days later (Madm and Traura, 1955) 
Virus from this outbreak was collected and 
tested m a variety of animals Infection 
was established in all of 15 swine and in 
4 of 9 horses, but in none of 7 cattle and 
none of 37 guinea pigs (Traum, 1934) 
Similar results from a larger number of 
animals were obtained by Mohler (1933a) , 
and Reppin and Pyl (1935) Observers of 
the animal tests, witli experience in FMD, 
saw no definite points of clinical difference 
between tliat disease in swine and the one 
produced by the San Diego virus Since 
the animal tests permitted no official diag 
nosis, the usual slaughter and quarantine 
methods were invoked Indemnification m 
the amount of 545,350 was made for the 
slaughter of 5 578 animals (Duckworth 
and White, 1943, Mohler, 1933b) 

Cross immunity tests with vesicular 
stomatitis virus (VSV, types Indiana and 
New Jersey) and FMD virus (types A, O, 
and C) showed that the San Diego virus 
was xmmunologically distinct In comparing 
the 1932 and the 1933 outbreaks, Traum 
(1934) concluded tliat 

The true classification of the vims causing die 
1932 swme outbreak of foot and mouth like dis 
ease must be considered as not having been 
definitely determined even though a diagnosis 
of foot and moutli disease has been made and 
eradication carried out accordingly It is be 
lieved if more horses had been used m the tests, 
that lesions would ha>e been produced, Uius 
making die virus of 1932 and 1933 alike in every 
respect. 

Following the 1933 outbreak, a new dis 
ease of swme was described by Traum 
(1934) in the following statement 

Thus we are confronied by a vesicular disease 
m swme, whicli so far has shown as much differ 
ence m experimental inoculations and immuno- 
logical tests from both vesicular stomatitis and 
fool and moudi disease as does foot and mouUi 
disease from vesicular stomatitis and although 
CTcat similarity exists between the viruses of 
vesicular sioniatms and foot and inoutli disease, 

. wc been designating ilicm as separate dts 
cases U therefore seems that with the infomia 


lion at hand the swme disease discussed above 
should be recognized as a new entity Vesicuhr 
exantliema of swme is suggested as a name for 
this disease 

In June of 1934, fifteen months after tJie 
San Diego outbreak of 1933, the disease 
appeared on a raw garbage feeding hog 
ranch near San Jose, California, some 500 
miles distant from the San Diego foa 
(Duckworth and White, 1943, Duckwortli, 
1953a) During the next 3 months the m 
fection spread to 27 ranches m 5 counties 
in central California and to 4 randies in 
Los Angeles and San Bernardino conn 
lies, 400 miles to tlie south A total of 31 
premises and 95,000 hogs were affected 
All of these ranches practiced raw garbage 
feeding, and, again, only swine were in 
volved Virus recovered from this outbreak 
regularly infected swme Horses were only 
occasionally susceptible, and cattle and 
guinea pigs were completely refractory 
(Duckworth and White, 1943) 

In this outbreak, the usual slaughter 
program was not employed Instead, a 
rigid quarantine was imposed on infected 
premises until all evidence of the disease 
had disappeared Trucks used for hauling 
garbage were disinfected upon departure, 
and steps were taken to mimmue contict 
between trucks, truck drivers, and rancli 
attendants wiUi otlier hog ranches or ine 
stock premises 

In 1935, the disease reappeared on 1 of 
the premises infected m 1934 and involvcu 
about 13,000 hogs This unie the disease 
was relatively mild, and the quarantine 
measures were again imposed (Duckworui 
1933a) During 1936, Uie disease appcarcil 
first on April 8 on one randi m 5an 
Diego County and infected approximate ) 

90 per cent of the animals The infection 
did not spread to neighboring randies n 
instead, on April 21, appeared m i ‘ 

San Francisco Bay area, 500 miles nnr 
of San Diego By June 20, 13 
were involved No cases vicrc rcporic 
tween June 20, 1936, md December 
1939, despite the fact that regular inqi^ 
tion of garbage feeding hog randies w 
carried out (Duckworih, 19534) 
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the C3H/CRGL. C57BL/CRGL hybrid 
black, and Namru No visible evidence of 
disease is produced by types A^g and B51 
when inoculated intracerebrally into suck 
ling mice (Madin et al , 1958a) Man ap 
patently is not susceptible 
Madin and Traum (1953) reported that 
the hamster could be infected with the 
1940 A and B strains if the inoculations 
were made mtradermally over the ab 
domen Vesicles were formed at the site 
of inoculation within 24 hours and were 
accompanied by a significant pyrexia The 
vesicles ruptured soon after formation and 
no further reactions were visible Inocula 
tion of hamsters with the current A^g and 
Bji strains gave completely negative re 
suits It IS assumed that sufficient differences 
exist among the various strains of the virus 
as had been suggested by Crawford (1937) , 
to account for the varying degrees of sue 
cess with this particular host In addition 
Madin (1956a) failed to infect the white 
rat and guinea pig with the Aig and 
strains ^though complement fixing ana 
bodies were produced in the guinea pig 
The ferret and nutria also were found to 
be refractory to strain A^g Madin and 
Traum (1953) reported lesions m tlie 
guinea pig using field material from out 
breaks m 1936 and 1949 In the 1936 out 
break, passages were made m 2 animals in 
1949, 5 animal passages were made In 
both instances, however, the virus was not 
Viable when tested in swine Brooksby 
(1954) reported negatne results with 
strains 1934 B and 1943 101 in suckling 
and young adult uhite mice Bankowski 
and Wood (1953) found tliat dogs were 
irregularly susceptible to types Ais ®5i» 
and C52 Intradermal lingual injection pro 
duced mild lesions at the points of inocu 
lauon, cliaractenzed by erosion of the 
epithelium blancliing, and extension The 
Virus \sas recovered from ilic spleen of one 
febrile but not from 2 afebrile dogs 
The limited host range prompted in 
vcsiigaijons in the field of ussue culture 
McClam et al (1951) reported tlic first 
successful cultivation of VESV, dcmonstrai 
that strain B^i could be propagated 


on embryonic swine skin and that cyto 
pathogenic effects were produced Subse 
quently Madin et al (1958a) propagated 
virus on monolayer cultures of adult 
swine kidney, testicle, lung, and amnion 
as well as canine feline, and equine kidney 
Bankowski and Pfeiffer (1955) have propa 
gated the Bgi strain in a medium composed 
of Bakers fluid and minced swine embryos, 
harvested from sows in the tliird to fifth 
week of gestaaon In addition, Bankowski 
(1954) states that tins virus also can be 
cultivated on embryonic swme skin trans 
planted to the chono allantoic membrane 
of chick embryos 

ECONOMIC IMPORTANCE 

Vesicular exanthema is of great economic 
importance, since it causes serious weight 
losses in fat hogs, slow gams m feeder 
stock, deaths m suckling pigs, abortions in 
pregnant sows, and impaired lactation in 
nursing sows In addition, it is clinically 
indistinguishable from foot and mouth dis 
ease (FMD) and vesicular stomatitis (VS) 
in swine, thus requiring expensive quaran 
une procedures 

The cost of a debilitating disease such 
as VES IS always difficult to assess The 
annual loss during the period 1912-51 
was estimated at 5887,000, during whidi 
time Uie disease was confined to California 



FIG 10 2— Siie ond weight compofiion of two 
5 month old litter mote* The larger ommol (73 
lb) woi protected ogolnit ve» color exonthemo 
by the Inoculation of immune lorum the imoller 
(28 Ib ) octing oi on untreated »erum control 
Note difference in »lio and weight due pnncJ 
pally to the effect* of the viru* 
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which time the disease was confined to 
California (Duck^vorth, 1953a) 

In 1948 and again in 1949, the virus ap- 
peared in swine en route to the port of 
Honolulu These animals had been loaded 
from California ports and had apparently 
come in contact with the virus prior to or 
during shipment Prompt quaranune and 
slaughter before reaching Hawaii pre 
lented the spread of the disease to the 
Hawaiian mainland 

On June 16, 1952, VES appeared 

in Grand Island, Nebraska, at a plant 
manufacturing biologicals The source 
of the infection was traced to Chey 
enne, ^Vyomlng, where hogs had been fed 
garbage from transcontinental trains whose 
point of origin was California It is as 
sumed that contaminated pork scraps were 
the source of the virus Before the disease 
was detected in the herd at Grand Island, 
some of the hogs had been shipped to the 
Omaha stockyards and resold In this roan 
ner. the disease spread rapidly and by 
July 29, just 43 days after discovery of 
the disease in Nebraska, Jd states were 
placed under federal quarantine for VES 
On August I, 1952, a state of emergency 
was dedared by the Secretary of Agncul 
ture, tlius providing federal support for an 
active eradication program including 
slaughter and payment of indemnities 
(Simms, 1953) 



From June, 1952, to September, 1953 , a 
total of 42 states and the Disuict of Co 
lumbia had experienced the disease figwe 
10 1 shows tile numbers of infected suine 
from tlie period, June 2, 1952, through 
July, 1956 

Figures for the state of California are not 
induded m these totals due to establish 
ment of the disease in the raw garbag^feed 
ing areas of this state The number of 
outbreaks has steadily declined throughout 
tile nation, so tliat only 3 outbreaks, all m 
New Jeney, were recorded in 1956 Cali 
forma had 15 outbreaks m 1955 (Mjers 
1955), and since October of tliat jear no 
furtlier outbreaks have been recorded 

HOST RANGE 

Vesicular exanthema of swine virus 
(VESV) shows a marked specificity for por 
ernes and an almost equal indisposition 
for other species 

Traum (1933) , the first to study tlie host 
range of the virus, found in the original 
outbreak of 1932 that inoculation of ma 
tenal into guinea pigs, swine, and a limited 
number of cattle and horses produced 
lesions only in swine In die 1935 out 
break, inoculation of the same species pro 
vided consistent “takes" only in swine, with 
mild reactions in 4 of 9 horses These find 
mgs were confirmed by Reppm and Pjl 
(m5), and lUahler 

tlie horse to be easier to infect ilian pre- 
viously suspected Crawford (1937) iden 
tilled strains of tlie virus, A, B, C, and D, 
and found that while all four were infcc 
live for swine, only t)pes A and C were m 
fcctive for tlic liorse Crawford (1937) 
attempted passage of the virus to sheep 
goats, guinea pigs, wJiitc rats, white niici 
and hedgehogs, and found that none ol 
tlie 4 strains produced any visible reaction 
m ilicsc speaes British workers (Bntw « 
Report, 1937), using an unsficcificd strain 
infected swine, but not horses, ‘ ^ 
sheep, goats, guinea pigs, rats (R** 
worvcgicits) , or Iicdgchogs. Mad**’ 

Traum (1953) rciiortcd ncgatnc 
witii the cluck embrjo, rabbit, and ^ 
stnms of adult and suckling mice ntcJu 
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2 Sal soda used at the late o£ 13*4 02 to 
1 gal ^^ate^ 

3 L)e (sodium hjdroxide) used at tlie 
rate of 13 oz to 5 gal •water 

The viricidal effect of these compounds 
apparently depends on a ^ery high pH 
which denatures tlie virus protein Such 
compounds have also found acceptance as 
viricidal agents in FMD (see Chapter 12) 
and against VS (Olitsky et al , 1928) 

Antigenic Types 

The existence of a plurality of virus 
types was demonstrated by Crawford 
(1937) with virus material collected from 
the outbreaks in 1933 and 1934 Four im 
munological types v,ere found in swine 
based on cross immunity tests These were 
named A. B, C, and D Types B and D 
were infectious for swine only, whereas A 
and C were infectious for both horses and 
swine Types B and D caused more severe 
reactions in swine than eitlier A or C In 
1940-42, three immunologically distinct 
types were recovered in California but 
were subsequently lost. Two of tlie earlier 
types are still available, the 1934 B and tlie 
1943 101 strain collected by Traum 
(Brooksby, 1954) All other strains col 
lected prior to 1948, however, are not avail 
^ble In December, 1948, Madin and 
Traum (1953) isolated A^g I" 
Bankowski et al (1953) reported tlie iso 
laUon of strains Boi and Cj.>, and in 1953 
strain (Bankowski et al . 1954) 

Brooksby (1954) has compared the first 
■5 of these strains by complement fixation 
tuid has found tliem to be distinct aiiii 
genic t)pes 

In July of 1954. Bankowski et al (1955) 
isolated still anotlier immunological type, 

B 4 In tins same publication, attention 
ssas directed toward 2 potentially new types 
then under trial, which Bankowski et a! 
(1956) have subsequcnily called F 5 and 
The last named 2 strains anti a 
third isolate, as yet unidentified, were all 
characterized by their low patliogcniciiy 
for swine Vt the present time there arc 
3t least 7 known immunological types, v»idi 


the possibility of 9 — if tliose in the pos 
session of the British workers are distinct 
fioni the 7 reported m this country It is 
possible that as long as VESV finds suscep 
tible hosts wherein to multiply, die 
number of types may continue to increase 
Complement fixation and serum neu 
tralization tests corroborate the immunolog 
teal identity of die types Bankowski et al 
(1953) have demonstrated diat the types 
can be separated by complement fixation 
in spite of some cross reactivity Brooksby 
(1954) has confirmed diese results Me 
Clam et al (1954) separated the A48 and 
B , types by complement fixation and tn 
vitio neutralization The use of the serum 
neutralization technique is discussed in 
the section on diagnosis (page 181) 

Infectivity 

Following intradermal inoculation of 
swine with VESV, Madin and Traum 
(1953) found that the virus could be re 
covered from the blood at 24 and 48 hours, 
but not at 72 or 96 hours, after inocu 
lation In a similar experiment, Patterson 
and Songer (1954) found blood samples 
positive only at 48 and 72 hours after 
inoculation These workers found, how 
ever, that if the donor’ animal were in 
oculated intravenously, die period of 
viremia was 72 to 84 hours, beginning 
about 48 hours prior to vesiculation in die. 
donor ' pigs and ending 36 Iiours after 
vesiculation Mott et al (1953) slaugh 
icred a group of inoculated swinc approxi 
niatcly 6 hours prior to the development 
of vesicles (30 hours after inoculation) 

All susceptible swine fed feet, snout, 
spleen crushed bone, wliole blood, lymph 
node viscera and muscle, developed chin 
cal VES Animals fed feces and urine failed 
to develop a clinical infection but were 
jiniuunc to subsequent challenge, iiuh 
eating the presence of virus in quanmv 
suiltcient to stimulate immunity It ip 
pears then dial the virus quickly becomes 
widcsiircad throughout the liogs hotlv 
Patterson and bongcr (1951) c.xiciidcd 
tlicse cxpcrimcnis by inoculating each of 
12 svsinc intravenously and then saarifinng 
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(Agricultural Research Service Report, 
1954) . The cost to the United States from 
1952 to 1955 was estimated at $33,000,000. 
This figure included losses to the swine 
industry of $17,000,000, to hog cholera 
virus serum producers of $5,000,000, and 
to state and federal control programs of 
$11,000,000 (Mulhern, 1956). 


DISTRIBUTION 

The naturally occurring disease has been 
reported only within the United Stales 
(Madin and Traum, 1955) 


ETIOLOGY 


VES is caused by a filtrable \irus, VESV. 
PhysicahChemIcal Properties 
The inability to obtain significant quan- 
tities of virus material from swine, and its 
restricted host range have materially re- 
tarded progress on (he physical and chemi- 
cal characterization of this agent. The suc- 
cessful cultivation of tlie virus in tissue 
culture, however, may provide the neces- 
sary stimulus and the means whereby the 
virus can be more fully characterized 
(Madin et al, 1958a). 

Size 


The size of tlie virus was calculated to 
be from 13 to 20 inn, since it was capable 
of passing gradacol membranes of 44 m/* 
average pore diameter (APD) , but not 34 
m/i APD (Madin and Traum, 1953). 
Brooksby (1951) reported that tlic 1934 B 
and 1943 lOl strains passed gradacol mem- 
branes of 1 10 ni^ and 70 m/t APD but 
not 37 nifi APD. 


Resistance 

The virus has been preserved for as long 
as 2«/^ years at ordinary refrigerator icm- 


*lij May, 1938. Dr. Laiircano Marques. Director 
o( ihc Bureau ol Animal Industry, Rcmiblic of the 
phijtppifics. rqxmcd the pjcsciicc ol a \csjraJar 
diicasc m s"ihe found pnmarit> m the lio^j rawing 
areas m the central 1 uzon section Animal inocula- 
tion tests toraplciciJ to date indicate diat the ««»- 
case u neither I- 'ID nor \S. and that it has iMm 
3 the chamunstics of VES (Marques. U lOji. 
RepoU picsc«icd at OJf. Int. Ejnz. Paris) 


peratures in the form of unground vesicle 
coverings stored in 50 per cent glycerin- 
phosphate buffer. It will retain its infcc- 
tivity for as long as 6 weeks at room tem- 
perature in one per cent ordinary peptone 
solution and will survive for at least 24 
hours at 37° C. in Sorensen’s buffer. Stor- 
age at — 27® C. is routinely used. Mott and 
Patterson (1956) report that VESV is 
inactivated at 62° C. for 60 minutes and 
64° C. for 30 minutes. It is not inactivated 
at 64° C. for 15 minutes, 60° C. or 62° C. 
for 30 minutes, nor 60° C. for 60 minutes. 
(See also Molt, 1956.) 

In a series of feeding experiments, Mott 
et al. (1953) showed tliat contaminated 
meat scraps were infectious after storage at 
7°C. for 4 weeks and at — 70° C. for 18 
ueeks. Traum and White (1941) placed 
infected vesicle coverings inside the bone 
marrow cavity of both cured and frwlJ 
hams, refrigerated Uiem overnight, tlicn 
“cooked" them at 184° F. under lO ib 
steam pressure for 10 minutes in a garbage 
cooker without completely destroying 
infectivity of the vesicle coverings, 
hern and Patterson (1956), however, cla*n| 
that tile virus is inactivated in hams cooLcd 
at 150° F. for 30 minutes. In certain caj*^ 
where viral suspensions had lost Uieir >0' 
feciivity, Madin and Traum (1953) fonn 
it possible to “reactivate" ilicni by i”® 

addition of cysteine nionohydrocliloride to 

the viral suspension. The niiniinuju 
period necessary to "reactivate" was fonn 
to be 8 days, and once “reactivated/ 
infectivity was retained for 2G2 days, ^ 
longest period tested. ^ . . 

Data regarding tJic action of viric* ^ 
agents arc not available. The use of 
hydroxide in the form of readily avails 
2 per cent lyc solution has been rccnni 
mended by Madin and Traum (1953). 

Molt et al. (1953) . Mulhern and Pattc/sf” 
(1956) staled that a 2 per cent lyc 
lion kills the vims. The Bureau of 
Industry Order No. 3S3, Rev. (1953) 
quires the use of one of the following ‘ 
infcctants: 

1. Soda ash (sodium carbonate) « 
at the rate of J Jb. to 3 gal. water. 



Chapter 10 VESICULAR EXANTHEMA- S. H Madin 177 


A4 s> C^ 2» Dji3, and £^4 multiply and pro 
duce CPC in canine kidney The remain 
ing types B51, F^g, and G53 do not pro 
duce consistent CPC in this tissue host, but 
the Fgg type appears to be synthesized even 
in the absence of CPC Strain A4S multi 
plies and produces CPC irregularly in 
equine kidney CPC are apparently not 
produced on monolayei kidney cell cul 
tures of sheep, cow, monkey, guinea pig, 
rabbit, mouse, hamster, rat, goat, or on 
HeLa, L cells, or chick fibroblasts CPC 
are produced by all types on first passage 
in feline kidney but usually are not visible 
after the second passage It has not yet 
been determined whether or not virus is 
being synthesized in the absence of CPC 
as IS the case with type Fgg in dog kidney 
VESV grown in monolayers of swine kid 
ney has a cytopathogemc endpoint between 
107 and 10® TGIDjo units per ml, while 
the same viral suspension titrated m swine 
has an IDgo endpoint of between 10* and 
10® infective particles per ml 

CLINICAL SIGNS 

The introduction of virus into susccp 
tible swine usually produces a characteristic 
rise in temperature followed by vesicles at 
one or more of the following sites snout, 
lips, tongue, and mucosae of tlie oral cavity, 
and on the sole, interdigital space, and 
coronary band of the foot Occasionally 
lesions may appear on the teats particu 


larly of nursing sows (Hurt, 1940-41, 
Traum, 1936) and on the skin covering 
the metacarpus and metatarsus (British Re 
port, 1937) Inoculation of the virus in 
tradermally into the snout or mucosae of 
the oral cavity, or both, by needle or scan 
fication usually produces tlie classical re 
action first the “primary” lesions appear 
at tlie site of inoculation within 12 to 48 
hours, and then ‘secondary ’ lesions de 
velop elsewhere 48 to 72 hours later Inoc 
ulation of the virus via the subcutaneous, 
intramuscular, or intravenous routes is 
usually followed by the appearance of 
vesicles at any of the susceptible sites witli 
m 24 to 96 hours 

In the typical case, a diphasic sympto 
matic response results Phase I, lasting from 
48 to 72 hours, is marked by pyrexia 
and the appearance of primary vesicles, 
usually associated with anorexia and list 
lessness The primary vesicles consist of 
blandied, raised areas of epitlielium vaiy 
ing from 5 to 30 mm m diameter, and 
from 10 to 20 mm in height, and filled 
with a serous fluid rich in virus Sudi 
vesicles resemble the blister’ formation 
accompanying burns or excessive dermal 
friction The epithelial coverings may 
'lift' witli the slightest pressure, revealing 
a raw, bleeding, and exceedingly sensitive 
coriuin v\hich is subsequently covered b) 
a )ellowish fibrinous membrane (British 
Report, 1937, Traum, 1934, Crauford, 
1937) 


FIG 1 0 5— Characteristic 
temperature curve follov/ 
ing intradermol inocula 
tion of swine with 
vesicular exanthema virus 
(Modm and Traum, 1955 ) 
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the animals in pairs at 1, 2, 5, 7, H, and 30 
da)s after inoculation. Meat, lymph node, 
heart, lung, spleen, li\er, kidney, blood, 
and crushed bone, pooled from each pair 
of donor pigs, was fed to different groups 
of 5 susceptible swine. The material ob* 
taincd from the animals slaughtered at 1, 
2, and 5 days proved to be infectious; die 
material taken at 7 days did not produce 
clinical VES but did produce immunity, 
and the material taken at 11 and 30 days 
produced neither infection nor immunitv. 
These studies show tliat the virus remains 
viable in certain of the tissues of the infect- 
ed animal for at least 7 days. 

The IDjo of fresh \esicle covering 
material has been shown by Afott ct a/ 
(1953) to be 1 X 10-“ 2 , which is in close 
agreement witli the figure of 1 x 10-® sug- 
gested by Madin and Traum (1953) . 
Comparative titrations using infected ves- 
icle covering material or infected, defibri- 
nated blood indicated Uiat it takes 10 to 
iOO intradermal snout minimal infecting 
dose (MID) to make one MID via the oral 
route. 


Behavior In Tissue Culfure 
The demonstration by McClain et al 
(1951), that VESV grew and produced cy 
topathogcnic cfTccts in tissue culture of 
swine origin, opened the possibilities of 
expanded rcsearcli wiili tins virus since, for 
the first lime, an experimental host other 
than swine was nude av-iilablc. In addition, 
the mciliod of plaque assay described bj 
Dulbccco (1952) could be used to assay 
and study VESV, an observation sub- 
sequently substantiated by Sellers (1955). 
Recent observations have shown a remark- 
able variation in plaque morphology 
among the seven antigenic types. In adtli 
lion to inter type variation, inira type var- 
iation has been observed cliaractcrircd hj 
the jircscncc of l-irgc, char plaques and 
minute, opaque plaques. 'I he minute 
plaques exceed the large plaipics in nuin 
ber, die ratio varying from approxiniaicly 
1*2-3 "idi An to more than 1:100 v>uh Uji 
ami Ell* Clones of the large am! minute 
plaque variants have been prothiccd by 



FIG. 10 3— Cytopothogemc changes produced by 
vesicular exanthema virus on monolayer of 
swine kidney (issue culture, 48 hours after in- 
oculotion. 


teclmiqucs of plaque purification and it 
has been shown that tlie minute plaque 
former is essentially aviruicni in swine, 
while the large plaque former is virulent. 
Tlie virus found in different plaques ap* 
pears antigcnically indistinguishable de- 
spite the marked differences in virulence 
(McClain et al, 1958) . 

The present status of our knowledge in- 
dicates that all antigenic types will iiiulu- 
ply and do produce cytopailiogcnic changes 
(Ci*C) in monolayers of swine kidnev, 
lung, liver, testicle, and amnion Tjjiev 
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The primary lesions on the snout usually 
spread to and imolve the adjacent mucosae 
of the lips, cheeks, and tongue This spread 
IS probably caused by virus liberated from 
die primary vesicles, since new lesions often 
follow the path taken by fluid escaping 
from ruptured \esicles The subcutaneous 
tissues of the snout and tongue may be 
come hyperemic, swollen, and sensitise to 
pressure As a result, the snout may appear 
bulbous, and the sivelling of the tongue 
lead to slobbering (Hurt, 1910—11) 
Phase 1 is almost invariably accompanied 
hy an increase m body temperature to 105 
or 106® F Occasionally 103® F is reached 
The end of phase 1 is usually signified 
liy a decline in temperature to belou 
101® F and rupture of the ‘‘primary* \csi 
clcs 

Phase 2 is ushered in by die fornniion of 
‘secondary’ vesicles on the soles of die 
feet, between die inierdigital spaces and at 
die junction of the cpidiclium and mil of 
die foot (coronary band) The appear 
ance of foot lesions is usually indicated b) 
a cliaracicristically hesitant gait, coninionl) 
dcsCTibcd as “oucliy * The animal may 
continue to walk in dus hailing fashion or 
may refuse to mo\c until the pam and 
swelling have decreased In severe attacks, 
m tdtmaious swelling of ihc legs md 
jmnis nny be present 

Phase 2 usually lasts for 21 to 72 hours 
when ihc secondary vesicles laipiurt ihc 
pain subsulcv, and nonnal living habiis 
icsumcil During boih jih iscs I ami 2 



fIG 10 9— Fresh)/ ruptgred ve» c)et on the sole 
ond ceronory bond of the hind feel Note the 
h/peremic coriwnt 


die animal iin> icfuic food and ihii 
coupled VMih ilic severe pvrcvia Ittrnllv 
melts the fit fium marl^ci ainm ils 
Recovery of uncomplicaicd cases n 
usuallv prompt ami without sc(|iiclac Ihc 
healing of very severe fcxit Iciiotis itiav 
result Ml ihc futmaiion of nodules of gratni 
liitoii iivsiic Vs inch arise fioni the wile of 
ihc foot prior to replacement bs die 


Fig 10 10— Chronic foot 
lesiOn showing replocenseni 
*f *pllh«l(um with Qronwio 
fton tissue (Courtei/ 
Or E. K. Quortrwp.) 
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FIG. 10.<5— Tongue 
lesion showing rup* 
tured vesicles, 72 
hours offer 
inoculolion. 
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DIAGNOSIS 

The diagnosis of a frank vesicular 
disease is not difficult since the clinical 
signs of pyrexia, vesiculation, and lameuess 
are almost invariably present 

The presence of occult infections as re 
ported by Mott et al (1953) and by Ban 
kowski et al (1955) are difficult, however, 
if not impossible, to determine by simple 
clinical methods The similarity of the 
clinical syndrome produced by VESV, VSV 
and FMDV in swine makes the diQer 
ential diagnosis of a vesicular disease 
difficult The present method of differen 
tiating between VES, VS, and FMD de 
pends on the differential susceptibility of 
various test animals This system is dis 
cussed in detail by Traum, Callis, and 
Shahan in Chapter 12 

The weakness of this method of diag 
nosis has been pointed out by Madin and 
Traum (1953) This system of annual 
inoculation is satisfactory as long as live 
virus IS available, speed is not aitical, typ. 
ing of the individual virus is not required 
and a new vesicular disease has not arisen 
This weakness was illustrated clearly in the 
initial outbreaks of VES in 1932 and 19S3, 
when a positive diagnosis could not be 
reached Because of the drawbacks to the 
animal inoculation system, the investi 
gation of serological methods has received 
attention Bankowski et al (1953) an 
nounced the development of a complement 
fixauon test capable of identifying and 
differentiating the antigenic types of VESV 
Brooksby (1954) has modified their teeli 
nique by the addition of sodium poly 
anetholesulphonate to the swine coraple 
ment for the purpose of destroying the 
third component (C3) These initial conj 
plement fixation tecliniques have unproved 
diagnosis m field outbreaks In addition, 
Bankowski and Kummer (1955) have been 
able to distinguish VESV strains A^g, B,„ 
and from VSV by tlieir icsL 

AfcClain et al (1951) briefly described 
a mcUiod by whicli a scrum neutralization 
lest could be done m ussuc culture by 
cS iJlw* Xaci ihai c>io- 


pathogenic effects were not seen in the pres 
ence of speafic immune sera Madin et al 
(1958b) have extended these studies and 
have shown that various strains of VESV 
could be separated and VESV differentiated 
from VSV by tins method 
The test consists of mixing known 
amounts of virus with suitable dilutions 
of homologous and heterologous hyper 
immune rabbit antisera The virus serum 
mixtures are incubated at room tempera 
ture for 90 minutes following which I ml 
amounts are dispensed into tubes of swine 
kidney tissue culture, 8 tubes per dilution 
Control lubes of virus dilutions, mixed in 
equal volumes with the diluent and sub 
jected to identical treatment as the virus 
serum mixtures, are always included All 
tubes are incubated at 37® C for 72 hours 
Titration results are based on tlie presence 
or absence of observable cytopathogenic 
changes The results of a typical neutrali 
zation test using 7 strains of VESV against 
a single dilution of antisera are shovs^n in 
Table 10 2 It can be seen from tliese 
results that large amounts of virus are 
neutralized by die homologous scrum 
while the heterologous serum produces 
practically no detectable neutralization 
This technique makes possible the rapid 
and accurate differentiation of the strains 
tested through 1957 

Hemagglutination has been tried repeat 
cdly by Madin and Traum (1953) with 
strain 101, and by Crandcll and Madin 
(1957) with strains A48 and B^, vviiJi 
sheep, rabbit, guinea pig, ferret, hamster, 
rat, swine, and human type O erythrocytes, 
all with negative results 
The problem of diagnosis should not be 
left without a word concerning the iso* 
lation of VESV from field outbreaks I he 
current method of obtaining viral material 
IS to remove the epiiliclial vesicle cover 
mgs from die snout or feet of infected 
swinc (preferably iliosc with tcinpcraiurcs 
of 105® F or higher) and to preserve these 
epuhclial coverings m 50 {>cr cent gl)ccnn 
phosphate buffer pH 7 1 at SI to 40® F 
/Madin ami Traum, 1953^ Inocula can 
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normal epithelium. Pyogenic bacteria may 
gain entrance through the damaged epithe- 
lium and may cause severe or fatal second- 
ary infections. In a certain proportion of 
cases, the hoofs are lost from the infected 
feet and replacement may take from 1 to 
3 months, during which time the animal 
may be partially lame. The junction of 
tile old and new nail is then marked by 
a dark brown or black line, making a 
diagnosis of VES infection probable even 
though all acute symptoms have disap- 
peared. 

In addition to the above described signs. 
Hurt (1940-41) has called attention to 
the severe attacks of diarrhea occasionally 
accompanying the infection, to an apparent 
increase in the abortion rate of infected 
sows, and to a general drop in milk pro- 
duction in lactating sows. Wicktor and 
Coale (1938), and Mott ct a/. (1953) warn 
that a mild infection may be missed com- 
pletely, thus supplying a source of “occult 
cases." 

PATHOLOGICAL CHANGES 

Vesicle formation is the only known 
lesion directly attributable to the infection. 
The virus appears to multiply principally 
in the Malpighian layer of the epidermis. 
In the course of this process, the individual 
stratified squamous epithelial cells under- 
go marked swelling of the cytoplasm, 
eventually producing ballooning degen- 
eration. These cytoplasmic changes are 
usually accompanied by pyknosis and kary- 
orrhexis of the nuclei. 

As the cells become necrotic in a local- 
ized area, tlie virus spreads from cell to 
cell, thus involving large numbers of cells 
in a given circumscribed area. Tliis 
process is repeated in different areas 
diroughout Uie epithelial sheet Tlie 
necrosis and subsequent dissolution of the 
virus infected cells Iea>es the epithelial 
sheet perforated by a series of "holes” sur- 
rounded by intact epitlielial cells. Those 
cells at tlie edges of the lesions usually 
show early e\idence of degeneration ac- 
companied by a marked stretcliing of the 


intercellular bridges and considerable in- 
tercellular edema. 

The subcutaneous tissues show conges- 
tion, edema, and, occasionally, hemor- 
rhage. Polymorphonuclear leukocytes are 
present in large numbers throughout the 
dermis and infiltrate into the lesions in the 
Malpighian layer. It is not known whether 
this acute inflammatory response is due di- 
rectly to the multiplication of virus or is a 
response to tlie death of the epithelial cells. 

The progressive weakening of the 
Malpighian layer accompanying virus 
multiplication in tliis area, coupled with 
the increasing pressure of the edema fluid, 
forces tlie intact upper layers of the epi- 
dermis above the surface of die noninfected 
skin, thus producing the cliaracteristic 
raised vesicle. Inclusion bodies have not 
been teported. 

The pathologic changes of VES in the 
skin are very similar to those described by 
Chow el al. (1951) for VS and by Gallo- 
way and Nicolau (1928) for FMD. 
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a method of producing antigenic matenal 
in quantity The current studies by Madin 
et al (1958b) show that any desired 
quantity of antigenic material can be pro 
duced on swme kidney monolayer cultures 
Bankowski and Pfeiffer (1955) reported 
that VESV could be propagated in quantity 
using suspended cultures of minced swme 
embryos Altliough the technical problems 
of producing a vaccine appear to have been 
solved, no vaccine has appeared There 
are 3 possible reasons for this situation 
(1) The urgency for such a product has 
diminished, due to the current success in 
controlling the disease by feeding cooked 
rather than raw garbage to swme and by 
enforcing quarantine measures (2) The 
continuing multiplicity of new antigenic 
types of VESV suggest a vaccinauon 
problem similar to that encountered in 
FMD (3) The research facilities required 
for large scale vaccine trials are not read 
ily available 

EPIZOOTIOLOGY 

VES IS known to be spread by at least 
2 methods, namely, direct contact and the 
feeding of raw garbage These 2 routes of 
infection can. account for the vast majority 
of the outbreaks, excepting the initial out 
breaks of 1932 and 1933, and the subse 
quent epizootic of 1934 

Direct contact includes, for purposes of 
this discussion, contact with contaminated 
feed, water, and fomites, as well as contact 
with infected animals within the hogs 
particular environment It should be 
pointed out that, as a group, swme live in 
most intimate contact, and the exchange of 
disease agents can occur constantly by 
either immediate or mediate contact It 
may be for this reason that VES shoivs no 
particular seasonal madence inasmuch as 
the environment suitable to it is reasonably 
constant. 

The work of Mott et al (1953) is of 
particular interest m the matter of direct 
and indirect contact infection They placed 
groups of susceptible swine m direct con 
tact with infected donor animals wliidi 
had been inoculated 12, 24, 36. 38, 72, 
96, 120. 144, 192, 240. and 288 hours prior 


to the contact They found tliat the sus 
ceptible animals contracted the disease 
from those inoculated during the intervals 
from 12 to 120 hours but not from those 
inoculated pnor to that time The authors 
suggest that the donor animals did not 
excrete virus in infective quantities later 
than 120 hours after inoculation In an 
other series of experiments, 2 infected am 
mals were placed m contact with 2 normal 
swme in a clean pen After 12 hours of 
contact, the 2 donors were withdrawn and 
placed in a second pen with 2 other nor 
mal hogs The donor hogs were moved from 
pen to pen at intervals of 24, 36, 72, 96, 
144, and 192 hours after they were mocu 
lated In each recipient pen, one of the 
normal animals was scarified on the snout 
and feet pnor to the introduction of the 
infected donors Both donor animals 
showed clinical VES 48 hours after mocu 
lation The normal animals showed clinical 
VES in those groups exposed during the 
intervals of 24, S6, 48, 72, and 96 hours, 
but not m the intervals of 12, 144 and 
192 hours These data indicated tliat virus 
was not eliminated by the donor animals 
prior to 24 hours but began shortly there 
after and continued until 96 hours after 
inoculauon The extent of environmental 
exposure by infected swme was illustrated 
by the following experiment Two normal 
contacts were placed m each of 8 infected 
pens at 0, 24, 48, 72. 96, 120, 144, and 
168 hours after removal of infected swine 
Only one of the normal contacts developed 
lesions and tins animal belonged to tlie 72 
hour group Subsequently, it was shown 
by challenge with live virus that boUi am 
mals m the 72 hour group and one in live 
0 hour group had been infected with the 
virus This pattern of indirect exposure 
was similar to tliat found by Crawford 
(1937) 

What then is the role of raw garbage 
as a vehicle of spread? According to Duck 
wortli (1953a), “Raw garbage is the 
source of VE ' Support for lus statement 
can be found in Tabic 10 1, uliicli shows 
the correlauon between raw garbage feed- 
ing and outbreaks of VES in California 
Mulhern (1953) has reported iJiat almost 
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TABLE 10 2 

Results of Neutralization Tests Using 7 Strains of VESV Against Heterologous* and HoMOLOcousf 
Rabbit Antisera in Swine Kidney Tissue Culture System 


VESV Type 

TCIDm^ 

Virus 

Titec 

Logs Virus Neutrabzed 

Type Specific Antisera (Rabbit) 

A 

B 

C 

D 

E 

F 

G 


7 4 

6 0| 

0 

0 

0 6 

0 

0 8 

0 5 

Bs, 

7 0 

0 1 

5 2 

0 1 

1 0 

0 

0 5 

0 5 


7 4 

0 

0 2 

6 4 

0 1 

0 5 

0 5 

0 1 

Dm 

6 5 

0 

0 1 

0 

4 4 

0 

0 

0 3 

Eh 

7 2 

0 3 

0 6 

0 

0 

4 0 

0 

0 

F« 

6 3 

1 0 

0 3 

0 2 

0 2 

0 5 

5 1 

0 5 

G« 

5 5 

0 

0 

0 

0 

0 

0 

4 0 


• Heterologous antisera diluted 1 10 
t Homologous antisera diluted 1 100 

tTCIDifl = tissue culture infecting dose capable ofdestroyiDg 50 per cent ofswine kidney tissue cultures 

§ Figures in body of test are actual, based on several repbeate senes Logs of virus neutralized of 1 0 or less 
are not considered significant 


then be prepared by grinding die epithe 
Itum and suspending ic m an appropriate 
diluent 

An additional method is now available 
Small portions oE vesicle covering matenal 
may be taken directly from the hog and 
placed m tubes of swine kidney tissue 
culture After incubation for 24-48 hours, 
the presence of cytopathogenic changes 
indicates die presence of a cytopaihogcnic 
agent which may be accurately identified 
by serum neutralization These methods 
of virus isolation and identification by tis 
sue culture tediniques should simplify and 
improve die speed and accuracy by winch 
not only VESV, but FMDV and VSV, may 
be routinely isolated, typed and mvesti 
gated (Madin ct 1958b) 


TREATMENT 

No treatment for VES is known Ccr 
tain precautions of a palliative nature may 
be taken, wludi will tend to reduce the 
economic losses from the infection Weight 
losses can be reduced if infected animals 
arc fed only soft feeds or slops, if they 
are taken off concrete or similar bard sur 
faces and if adequate amounis of dean 
water are kepi before them at all times 
Where infected aninnls nmsi be mam 
tamed in crouded tpiariers during rail 
sTipmen" m feed lots or m slaughter 


houses, secondary bacterial corophtaiions 
may be controlled by tlie judicious admin 
istration of antibiotics ( Madin and Traum 
1955) 

IMMUNITY 

Animals which have recovered fr®*” ® 
clinical attack of the disease are solidly 
immune for at least 6 months to reinfec 
tion with tJiB same antigenic type (Madin 
and Traum, 1953) Mott (1956) reporb 
tliat immunity persists for at least - 
months in 50 per cent of animals con 
valcscent to type Bjn The presence o 
neutralizing antibodies may be detected as 
early as 10 to 12 days after mfccuon ana 
continue to climb to a peak between - 
and 28 days post inoculation (Madm r 
al, 195Bb) . 

Passive immunity may be 
against types A<3 and B5, for a peri 
li to 21 days by the inoculaiion of 
spcafic immune sera (hfadm, 1951, 19 ) 

Acave immunization by means of 
has found no application to date I ‘ 
nary trials with a fonnalmircd 
made from infected epithelial 
protected swine against direct ultra cr 
diallcngc of the homologous strain ° 
least 0 montlis (Madin and Traum 
Tlicsc same authors pointed out ‘ ^ j 
production of a usable vaccine mui 
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derstandxng of the epxzootiology of the 
disease, no outbreaks %vere reported dunng 
the 42 month period between June 20, 
1936 and December 4, 1939. During this 
time all of the swine practices had been 
continued as usual, and contrary to the 
situation which prevailed in 1932, 1933, 
and 1934, there was contaminated pork in 
circulation in the trade channels — since 
from 1934 to 1936, a total of 127,000 in 
fected animals had gone to slaughterhouses 
m the state Thus, while all the known 
means of transmitting tlie disease were at 
hand, no outbreaks were reported. Cur 
rently then, we have no satisfactory ex 
planation as to the actual source of the 
virus in 1932-34 

From the earliest outbreaks until the 
present time, it has been noted that the 
percentage of animals infected on any 
given premises or within any given group 
vanes considerably with the outbreak m 
question (Duckworth, 1953a, Hurt, 1940- 
41) Recently, Bankowski et al (1955) 
studied the morbidity rates in natural out 
breaks caused by 4 antigenic VESV types, 
namel), Bji, Caa, D53, and £,4 They found 
that the rates varied from less than 10 per 
cent to as great as 100 per cent within a 
given group, and that there was no con 
sisient correlation between strains and 
morbidity Furthermore, the clinical se 
verity of the disease was not related to 
morbidity Currently, neither the attack 
rate nor the seventy of the disease can be 
predicted or assessed in terms of any known 
factors The earlier observations of Craw 
ford (1937), that seventy of the clinical 
symptoms was directly related to the anti 
genic type of tlie vims, may ha\e been 
true for particular field conditions or may 
have been due to the fact tliat these virus 
types behaved differently from those avail 
able today 

The role of the various antigenic types 
in tlie cpizootiology of the disease is not 
clearly understood The ease witli which 
different antigenic types have been isolated 
imiicaics tliat tlie virus is c-xtreracly ficx 
ibic in Its basic anugcnic structure A 
study of tlic various anugenic types present 


m California and in other states from 
October, 1951, to June, 1955, was made 
by Bankowski et al (1955) During this 
period a total of 325 field samples was 
received, 126 of these originating from out 
breaks native to California, the remaining 
199 representing materials obtained from 
swine brought into California From the 
latter group, 139 were typed and all were 
found to be From the California 

samples, 88 were studied and these showed 
the following type distributions A48, 0 
per cent, Bgi, 43 per cent, C^, 27 per cent, 
Ds 3, 23 per cent, and E54, 7 per cent These 
same authors have furtlier shown that one 
immunological type tends to be predomi 
nant and is replaced by another in fairly 
rapid sequence Thus, m 1951, type B51 
was predominant m California this was 
replaced in 19o2 by type C«, m 1953, type 
B51 reappeared, and early m 1954, type 
C52 reappeared From May, 1954, through 
June, 1955, type D53 appeared to predomi 
nate, although type E54 was present in 
some of the outbreaks dunng tins same 
time period Mott and Patterson (1956) 
state that the outbreak of VES in the state 
of New Jersey m the fall of 1956 
caused by an unknown virus type, which 
was not type A48, or (see also 
Mott, 1956) 

The ability of the virus to appear as 
different antigenic types means that active 
immunity to one virus type does not neces- 
sarily remove such animals from the reser 
voir of susceptjbles In fact, the immune 
animal may more accurately represent tlie 
environment within whi^ subsequent 
mutation of the virus to a different anti 
genic type is fostered This latter point has 
been illustrated by Bankowski et al (1955) 
in a study of recurrent infections m a 
single herd of swine Two distinct out 
breaks of die disease were found m dm 
herd within a period of 40 days, each out 
break being caused by a different virus 
type 

It would appear dicn diat we are faced 
in die case of VES with some of die same 
general cpizootiological problems dial have 
vexed us so long in FMD, namclv, the oc 
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all of the outbreaks occurring after the 
1952 "escape" of the virus from California 
have either had direct or indirect connec- 
tion witli garbage feeding establishments 
The link between raw garbage and the 
virus apparently is infected raw pork scraps 
whicli serve to transmit the disease to 
susceptible swine This hypothesis gains 
theoretical support from the feeding ev 
periments conducted by Mott el al (1953) , 
by Patterson and Songer (1954) , and from 
tile unpublished studies on the survival 
of the virus by Traum and White (1941) 
These experiments demonstrate that the 
virus can survive in an infected carcass and 
eventually find its way back to susceptible 
swine through raw garbage Indirect evi 
dence for this assumption is provided by 
the fact that cleanup and disinfection did 
not prevent the almost constant recur 
rence of the disease on raw garbage feed 
ing ranches m California 
Whereas this mode of spread explains 
many of die outbreaks, it seems inadequate, 
for example, for the 1932, 1933, and 1934 
outbreaks Prior to 1932, no vesicular dis 
ease other dian FMD had been reported 
m swine It is particularly significant to 
recall that California had experienced 
FMD in 1924, 1925, and again m 1929, as 
a result of which all regulatory oQicials 
were particularly alert to a vesicular dis 
ease outbreak We can be reasonably cer 
tain that the 1932 outbreak of VES was 
the first to occur and had its origin in one 
of the areas described in the section on 
History From the evidence available at 
that tune and from a subsequent review of 
this evidence, the outbreak in 2 of the 
areas (Orange and Los Angeles counues) 
was not related to the outbreak in San 
Bernardino County Thus, 2 separate foci 
were apparently present almost simulta 
neously The ranches m Orange and Los 
Angeles counties obtained their garbage 
by contract from domestic source only The 
San Bernardino County premises could 
possibly have had garbage purchased from 
a foreign ship through a contract with the 
atv of Long Beach, but it is highly doubt 
ful that any significant amount of such 


garbage found its way to tlie hog ranches 
In tins respect, it is important to remem 
ber that, since the 1929 outbreak of FMD 
in California, a regulauon had been in 
effect forbidding all ships to bring garbage 
into American ports 

In 1933 the second outbreak occurred 
this time 100 miles south of the 1932 oc 
currence, but again on a garbage feeding 
hog randi The only known assoaation 
between tlie 1932 and 1933 outbreaks, out 
side of raw garbage, was that 2 of the 
ranches involved — one in the 1932 and the 
otlier m the 1933 outbreak — were both 


operated by the same owner There is no 
evidence, however, that man had been in 
sirumental in transmitting tlie disease in 
1933 As nearly as could be ascertained 
die 1933 outbreak was a distinct and sepa 
rate outbreak, similar to the 1932 occur 
rence In 1934 Uie third outbreak oc 
curred, again on a garbage feeding hog 
ranch 500 miles distant from the 19S^ 
33 foci In discussing the 1934 outbreak 
Duckworth (1953a) pointed out that h 
IS inconceivable that infective material ol 
any kind could have carried over froin 
either of the two earlier outbreaks and 
found Its way 15 to 26 months later mio a 
swine herd 500 miles distant In addition 
It should be remembered tliat all anima s 
in die 1932-33 epizootic were slaugh 
tered and buried, and, therefore, these m 
fected carcasses did not enter into die nor 
mal trade channels and could not have 
contaminated raw garbage with virus 
Thus It appears that the 1934 
represented still another separate and s 


unct focus « 

The source of tlie virus m the 
outbreaks is difficult to explain 
(1955) has suggested that VES may 
primarily a disease of some wild ^ 

and tliat domestic swine happen . 

mutually susceptible Hog randies vv 
feed raw garbage may attract such a i" 
\oir and in the course of 
may be brought into suitable . j 5 

the infection No experimental evi ^ ^ 

at hand to support, or exclude, su 
hypothesis To further complicate a 
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Bureau o£ Animal Industry Order No 383 
of June 20, 1953, which m part established 
that swine that had been fed raw garbage 
at any time could not be shipped inter 
state except for special processing The net 
effect of this regulation was to reduce the 
actual market value of such animals, thus 
placing an economic penalty on the prac 
tice of feeding raw garbage Initially, tins 
regulation was not rigidly enforced, m 
order to give hog raisers time in which to 
set up facilities for cooking garbage, and 
in order tliat adequate personnel could be 
obtained for routine inspection of the gar 
bage cooking facilities In lieu of this pro 
cedure, swine which had not been fed raw 
garbage for the preceding 30 days or had 
not been in contact with swine fed raw 
garbage for the preceding 30 days, were 
allowed to be shipped interstate without 
processing precautions 

As equipment and inspecuon personnel 
became available, the regulation became 
fully effective January 1, 1956 On or after 
that date, swme raisers who continued to 
feed raw garbage had or will have three 
alternatives 

1 Begin the cooking of garbage 

2 Conform to restricted markeung in 
some instances within the state 

3 Conform to restricted marketing in 
terstate for processing only 

The results of these so called "garbage 
cooking laws’ have been extremely en 
couraging As of August 31, 1956. only 9 4 
per cent of garbage fed swine were still 
being fed raw garbage, this figure reprc 
senting less than 0 4 per cent of all swine 
produced m tins country The problems, 
from ihen on, center around adequate 
inspection of garbage cooking operations 
and toward continued and vigilant oppo 
siiion to any tendency vvlncli detracts from 
Uic efficiency of garbage cooking rcgula 
tions Those interested in the ledinical 
details of processing raw garbage so that n 
may safely be used as suinc feed should 
consult the papers of Long and Johnson 
(1952, 1951) In addition, technical and 


economic data are to be found m the 
Special Report of the Joint Legislative 
Committee on Agriculture and Livestock 
Problems from the state of California 
(1955) 

The effect of the control measures in 
dicated herein has been extremely en 
couraging On the national scene, the inci 
dence of new outbreaks has dropped from 
a high of 777, between November, 1952, 
and April, 1953 to 16 in 1955, and 3 in 
1956 In California, state quarantine regu 
lations permitting the Director of Agricul 
ture complete control of garbage-fed swine 
were put into effect m Afarch, 1954 These 
included restricting the movements of 
swine or pork products produced on raw 
garbage, the liquidation of the remaining 
infected swine, and the conversion from 
raw garbage to cooked garbage, all witliin 
a 12 month period These combined efforts 
effectuated a marked decline in the num 
berof V£S outbreaks In less than one year 
97 per cent of the raw garbage feeding 
premises had converted to cooked garbage 
As the number of raw garbage feeding 
ranches declined, so did the outbreaks of 
VES For example, in 1953, there v\^cre 137 
outbreaks recorded, in 1954, only 19 This 
dedmed to 15 in 1955, and since Novem 
ber, 1955, no outbreaks of VES have been 
reported in California 

The role of prophylactic agents in the 
control of the disease has not been eluci 
dated Madin (1954, 1956b) has suggested 
die use of immune sera to confer tempo- 
rary immunity m situations where sucli 
would be of value Active immunization as 
already mentioned needs considerible re 
seardi before its role can be evaluated 
Ai present, a considerable measure of 
success has been adiicvcd by interrupting 
the known infection dnins The possibility 
still exists however, that this virus Ins 
other means of being transmitted I he 
final answer to control of VES is a con 
tinuiiig expansion of our knowledge re 
gardmg all phases of the disease, and in 
telligcnt and vigorous prosecution of the 
measures already taken 
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currence of a virus capable of assuming a 
different antigenic make up whenever the 
biological environment becomes favorable 
or necessary for a new type to appear 

CONTROL 

The ability to control VES depends, as 
It does for all diseases, on a basic knowl 
edge of the modes of transmission Cur 
rently such modes include direct contact 
and the feeding of raw garbage It is neces 
sary, therefore, to interrupt the known 
infection cliains, and tins, in essence, is 
the history of VES control efforts 
In California prior to 1954, eradication 
and quarantine were used to break die 
direct contact links In 1932 and 1933, the 
time honored methods of slaughter and dis 
infection so successfully emplo)ed against 
FMD in this country were applied, but the 
disease reappeared in 1934, four hundred 
to five hundred miles distant from die first 
two foci In 1934, slaughter measures were 
abandoned, and a quarantine of infected 
ranches was imposed instead This quar 
antinc consisted of embargoes against 
moving swine from infected premises until 
all signs of die disease liad disappeared Jn 
iddition, the mo\cmcnts of lehicles and 
men were controlled to minimize the pos 
sibihty of spread by this route After quar 
antinc was imposed, a differential diag 
nosis between FMD, VS and VES was 
made In stockyards under quarantine, af 
fcctcd hogs were released for slaughter in 
accordance with die meat inspection regu 
Jations governing eadi vesicular disease 
Duckworth (1953a), questioning die \aluc 
of restrictive quanniine, slaughter, and 
disinfection in California, concluded that 
these methods of eradication were not 
likely to succeed unless die disease was 
attacked at its source 
The appearance of the virus outside the 
confines of California, iii 1952, set in ino 
tion die control measures inuncdutcly 
available In brief, these consisted of the 
following (1) federal quarantines rc 
sincling die inicrsiatc moicnicni ol swine 
and pet^ products from infected arc is, (2) 


cleaning and disinfection of railroad cars, 
feed, water, and rest stations contaminated 
by infected swine, and (3) closing and 
disinfection of all suspected stockyards, 
and close inspection of all animals coming 
in for slaughter (Agricultural Research 
Service Report, 1952) In August, 1952, 
the Secretary of Agriculture declared a 
national emergency This act made federal 
funds available to carry out an active 
eradication program, including die slaugh 
ter of infected hogs and die payment of 
indemnities m the states that were able 
to match federal funds for such paymenu 

During the first year of the program, 
some 180,000 swine were killed and die 
quarantine measures vigorously enforced 
In spue of this, die disease spread so 
rapidly diat, within diis same period, it 
appeared m 40 slates and the District of 
Columbia, being reported from 50 gram 
fed herds, 522 garbage fed herds, and 23'! 
serum plants, stockyards, and picking 
plants Ultimately the infection was re* 
ported from a total of 42 states and die 
District of Columbia 

Throughout the history of die disease in 
California, iJie role of raw garbage as a 
means of perpetuating the disease had been 
recognized Federal, state, and local live* 
Slock sanitation offiaals had urged the pas 
sage of legislation to prohibit feeding 
raw garbage to swine (W^nght, 1913, Duck 
worth and Trauro, 1951, Shope cl J* » 

1952. iMulhcm, 1953, Duckwordi. I9j3b)^ 

The national outbreak of VES in 

served to focus attention upon die 
for adequate legtslauon to control dus 
antiquated practice Prior to 1952, 
tuilly no garbage fed to swine v»as cook 
III June. 1953, 35 suics had adopitu 
garbage cooking regulations, by Scpitm • 

1953, Ifi slates required the cooking ® 

garbage, and as of January 1, 1953. on I 
Connecticut had not passed Icgislanon 
(Iiat effect. . 

The passage of sucli legislation m 
various states |>crniutcil certain addino 
and mollifications in the original 
program Perhaps die moil imporiant 
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ROBERT P HANSON, B A , M S , Ph D 
University of IViiconsm 


Vesicular Stomatitis 


Vesicular stomatitis, first known as a dis 
ease of horses and later as one of cattle 
and swine, also affects man and several 
wild animals In the United States, farmers 
call It “sore nose” or “sore moutii” and 
in South America and Mexico they knotv 
It as pseudoaphtosa and mal de yerba Ve 
sicular lesions are produced by the virus 
in the mucosal tissue of the moudi and in 
die skin of die coronary band of the fool 
of die horse, cow, pig, and deer Man, rac 
coon, and bobcat have an inapparent or 
febrile disease A number of animals can 
be experimentally infected A fatal en 
cephalitis is induced m die mouse, guinea 
pig, hamster, and ferret Seieral mvesu 
gators have found the goat, sheep, rabbit 
and dog to be refractory to inoculation 
The disease appears to be limited to die 
western hemisphere, where it is enzootic 
on die coastal plain of the region extend 
ing from the Carolmas southward around 
the Gulf of Mexico and die Caribbean Sea 
Less frequently, epizootics occur souUi to 
Peru and Argentina in Soudi America and 
north into Canada m Nordi America 

ETIOLOGY 

Vesicular stomatitis of sunic, cattle, and 
horses is caused b) two antigcnicall) dis 
tinct viruses, die New Jcrsc) tjpc and die 
Indiana type, whicli are sinnlar m size and 
pathogenic j>oicninl and probably pliylo- 
gcncucally rclaicti (Cotton. 1920. 1927) 


Galloway and Elford (1933) first estimated 
the size of Indiana and New Jersey type 
vesicular stomatitis virus to be 70 to 100^ 
by passing vesicle fluid from guinea pig 
foot pads through graded collodion mem 
branes Bauer and Cox (1935) confirmed 
the report of Galloway and Elford widi 
mouse adapted and tissue culture propa 
gated strains of vesicular stomatitis virus 
Later, Elford and Galloway (1937), using 
die sedimentation method, calculated the 
size of vesicular stomatitis virus, Indnni 
type, to be 7-i/i Chow and associates (19a 1) 
examined embryo propagated virus in the 
electron microscope (Fig III) The parti 
dcs were rod shaped and averaged 60^ in 
diameter and 210/« m length Bradish and 
his assoaates (1956) have described i 
small complement fixing, non infective par* 
tide vvhidi was associated widi die larger, 
infective pariidc of vesicular stomatitis 
virus 

Studies of die physical properties of vc 
sicular stomatitis virus and its cultural 
characteristics Invc been conducted in 1 
laboratory hosts —guinea pig, mouse, 
diickcn embryo, and several types of tissue 
culture A small amount of virus inoculated 
into the fool pad of die guinea pig usually 
results in development of a vcsidc vtithin 
IS hours (Cotton, 1920) T be pathogenesis 
IS similar v>liciiicr the virus is intnxliiceJ 
into die pad cpitbcliuin of the guinea pig 
or the snout cptibchum of the pig Usually 


flM] 
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lured virus equals tlie initial titer of the 
culture (Timm, 1955) . 

Vesicular stomatitis virus is resistant to 
pH changes and has a moderate resistance 
to heat and to chemical inactivation. With 
the chicken embryo and the mouse as in- 
dicator hosts and using both the New 
Jersey and Indiana types of vesicular 
stomatitis virus, Fong and Madin (1954) 
have shown that the vesicular stomatitis 
virus has an unusually wide range of 
stability to pH. The virus tolerated a pH 
as low as 4 and as high as 10 for one hour 
with only a moderate diminution of titer. 
The virus remains active for 1 to 3 weeks 
at room temperature, depending on sus- 
pending medium. Frozen cultures may be 
stored for several years without great loss 
of activity. English workers have found the 
virus to be sensitive to dte action of visible 
light, but this was not confirmed by Madin 
(1952). Ultraviolet light inactivates the 
virus rapidly. The virus is most stable in 
serum or tiiiogJycoJJate broth. Although it 
remains active for a time in sterile water, 
it appears to be quickly inactivated by 


dilution in physiological saline (Brandly 
et al, 1953) . 

CLINICAL SIGNS 

Swine may be infected by ingesting die 
virus or by the virus entering dirough 
abrasions in a susceptible area of die epi- 
thelium. The first sign of disease is an 
increase in body temperature wliich oc- 
curs 24 to 48 hours following infection. 
The temperature will range between 10-1° 
and 107° F , rarely going to 108°, Drooling 
may be die next sign. The sesicles appear 
on the tongue, snout, or coronary band 18 
to 72 hours after infection They originate 
as papules uhich are rarely seen and 
rapidly form into blebs filled wuh clear 
liquid and varying in diameter from a few 
millimeters to 3 centimeters On die snout, 
vesicles are more delicate and often larger 
than on the coronary band Vesicles ma\ 
persist as long as 21 hours, althougli 
usually they rupture niihin a few hours 
after development. Jhe temperature dien 
falls rapidly to normal. A few animals may 
go off feed but most of dicm retain dicir 


T/VBLE 1 1. 1 

Stability of Vesicular Stouatjtu Virus 
(Virus active for lime lodicateii) 
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] Temperature, C. 

Reference* 

Preparation 

60* 

55* 

37* 

25* 

4* 

-20* 

1 

5 

1 

1 

VSV pad t i 

VSV pad ... 

VSV pad (crystal-violet J) 

VSV pad (phenol 0 5%). . j 

0 

30 nun. 

4 da 

t da. ' 


40 da 
31 da 
S da 1 
23 da 


2 

2 

3 

3 , 

VSV pad (sodium biiluonde 0 01 %) • • • 
VSV pad (sodium silicoiluonde 001%). 
VSV pad (cUiyl alcohol 60%) 

VSV pad (crcsol 3 %).... 




24 lir 
24 hr. 
241»r. ; 
6 lir. 



3 

3 

4 

5 

VSV pad (sodium hvdroude 2%). 

VSV pad (gI>ccroI iQ %) . 

VSV egg} 

VSV egg 

30 nun. 

0 

30 min. 
IS mm. 

5 da 

1 (tun 

135 da 

_ 1 

235 da. 


Kcfcrejvcca ^ „ 

1 Stuhan. 1946 Amcr Jour. V cl. Rtt. 7 27. 

2. Manthei and Eichhom. 1941. Jour. Agr. Re*. 65 41. 

5 Olii'ty. 1927 lour Exper Mot. 45 9*9 

4 MaJin. 1952. ONR Report. UmvemW of C^octua. 

5 Brandly//-/. 1955. Camp Dcinck Report. l/n»vttviy of Wocooua 
t Vsv pad « NJ I>pc V6V gumra mg tool pad ongvn. 

i Crv-vial-violcl av contained In lio <5 th^cra 

1 ' iV css - NJ ‘IT* ' SV allantort fluuii of emUyoiuung egg 
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early on the second day after inoculation, 
small red points of swelling appear and 
rapidly develop into fluid filled blebs or 
vesicles The virus reaches a titer of about 
10* in the fluid and in the epithelium 
covering it before the vesicle ruptures, of 
ten a few hours after its formation Healing 
IS accomplished within 7 to 10 days 
Mature mice inoculated intracerebrally 
develop a fatal encephalitis The first sign 
IS usually hypersensitiveness, followed by 
tremors, ataxia or spastic paralysis of the 
posterior extremities, and death in 3 to 5 
days (Cox and Olitsky, 1933) The suck 
ling mouse is more sensitive than the adult 
mouse, becoming fatally infected by mtra 
nasal and intrapentoneal inoculation as 
well as intracerebral injection Between 
the 21st and 35th day, mice change from 
a state of nearly 100 per cent susceptibility 
to extraneural infecuon to complete re 
fractonness (Sabin and Olitsky, 1937) In 
tracerebral susceptibility remains tlirough 
out the life of the mouse The virus grows 
rapidly in the brain and titers of 10^ to 
10^ virus units per gram of brain material 
are frequently obtained (Madin 1952) 

The cliicken embryo may be inoculated 
on the chorio allantoic membrane or m die 
allantoic cliamber but the virus is usually 
cultivated by the latter route (Burnet and 
Galloway, 1934 Brandly et al , 1953) The 
virus grows rapidly and die embryo is 
killed within 24 to 48 hours Al deadi die 


embryo is congested and die allantoic 
fluids and ammotic fluids are clear The 
membrane usually shows little change Sig 
urdsson (1943) found that growth of virus 
was favored m embryos of 7 days as com 
pared to 10 days and at low incubation 
temperatures of 35 to 36° C as compared 
to 39 to 40° C This was indicated by 
greater lethality for the embryo and m 
creased production of virus Madin (19o2) 
confirmed the observation when he titrated 
virus m embryos of several ages and found 
that susceptibility was inversely related to 
age 7 day, 10®, 9 day, 10®-®, 11-day, 10*-® 
and 13-day, lO’ 

Vesicular stomatitis virus has been 
grown in tissue cultures prepared from 
the epithelial cells of bovine tongue, pig 
embryo pig kidney, guinea pig kidney 
and chicken embryo Suspended cell and 
monolayer preparations have been used 
With the first culture, growth of the mfus 
IS detected by pH change and by submocu 
lation in a susceptible host With die 
monolayer culture, cytopathogenic changes 
and development of plaques are obsened 
between 24 and 72 hours after inoculauon 
(Bachrach et al, 1955 Fellowes et al, 
1956) The virus is adsorbed \ery rapidly 
by the cells of Uie tissue ailture There is 
an immediate eclipse phase partly ob- 
scured by a slight increase m die virus an 
hour after inoculation It takes bci'\ccn 
7 and 8 hours before yield of tissue cul 
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polymorphonuclear leukocytes Most o£ the 
leukocytes are caught as part of the infil 
trates within the tissue of the base of the 
vesicles The epithelial cells, after disar 
rangement by intercellular edema, suffer 
degenerative changes characterized by dis 
appearance of the protoplasmic intercellu 
lar bridges and the gradual diminution of 
cytoplasm The nuclear shrinking, pyknosis 
and karyolysis tlien become evident The 
process extends downward into the dermis, 
the basal cell layer is disarranged and in 
filtrated Inflammation, including conges 
tion of the dermis, sometimes penetrates 
deep in the dermal region Edema and 
hemorrhage in the dermal papule, en 
gorgement of the lymph vessels and blood 
vessels, and perivascular leukocyuc mfiltra 
tion are usually observed The normal ap 
pearance of sebaceous glands is retained 
Sivcat glands are not affected although 
sometimes there is hemorrhage around tlie 
hair shaft With the exception of the liver, 
where congestion is sometimes apparent, 
significant lesions are not seen m otiicr 
tissues sucli as brain, muscle, lungs, heart, 
spleen, intestines, kidneys, adrenals, pan 
creas, and lymph glands 

DIAGNOSIS 

The primary problem in diagnosis of 
\esicular stomatitis is to differentiate it 
from the diseases produced by die viruses 
of foot and mouth disease and 'vesicular cx> 
antlicma Certain infectious and noninfcc 
tious conditions sucli as mucosal disease, 
blue tongue, and caustic poisonings can be 
confused with iL Vesicular sionntitis is 
readily identified by isolation of the sirus 
in guinea pig foot pad, cliicken cmbr)o, 
or mouse brain, or by transmission to a 
susceptible horse Identification b) iso- 
lation or transmission is dependent pn 
manly upon obtaining a satisfactory 
sample from the suspect animal and ujxin 
ibc inoailation of known susceptible hosts 
DiffiaiUics involved m getting susceptible 
horses in an enzootic area have delajed and 
jcopirdizcd die diagnosis of the disease 
Isolation in guinea pigs, cliickcn embryos, 
and mice someumes poses a problem of 
adaptation of die virus to the e\pcrimcnul 


host Henderson (19^8) reported difficulty 
m infecting chicken embryos with virus 
from a bovine epithelium preparation 
which was readily infective for guinea pigs 
This may be rare, as 6 lots of vesicular 
materials obtained from swine and cattle 
during the 1955 season in soudieastem 
United States were readily established in 
enibryonating eggs and adult mice (Kar 
stad et al , 1956) Fellovves and co workers 
(1956), using bovine epithelium virus of 
New jersey and Indiana type, titrated the 
vims in 8 day chicken embryos, 3 to *1 
week old mice, adult guinea pigs, guinea 
pig kidney tissue culture, calf and adult 
bovine tongues Chicken embryos and 
mice were the most sensitive. New Jersey 
type virus being detected more readily in 
the embryos, and the Indiana type more 
readily in mice Tissue culture and bovine 
tongues were comparable to each other and 
of intermediate sensitivity Guinea pig foot 
pad and calf tongue were the least sensi 
tive Specific paUioIogy docs not differ 
entiate vesicular stomauus from foot and 
mouth disease or vesicular exanthema 
(Chow and McNutt, 1953) It may differ 
entiate vesicular stomatitis from certain 
other noninfccuous conditions if repre 
sentative material is made available for 
examination 

Considerable work has been done on the 
serology of vesicular stomatitis Recovered 
animals possess antibodies detectable by 
scrum neutralization test (Long and Olit 
sky, 1928, Brandly et al , 1951) and by 
complement fixation tests (Brool^b), 1918, 
Bmkowski iiid Kunimcr, 1955) Both the 
neutralization test and the compicincnl 
fixation test arc useful in cpizootiological 
surveys The complement fixation test is 
the less expensive and very rapid, but can 
be used only wiili sera vdiosc anticoniplc- 
mentary activity is knovvn Advantages ind 
the Itinitaiions of both tests suggest that 
scrum neutralization tests will be used in 
surveys of the reservoir yiotcniiali of vvild 
life or for the dcicctioti of long j>ers»ting 
antibody (karstad et cl, 195o), and the 
coniplcinciu fixitioii lest where a rapid. 
incxfKrnsivc proccvlurc is needed to «fc* 
tcrtiiinc tlic disease status of cattle and 
sv\inc 
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appetites even uhen eating becomes pain 
ful because of lesions on the tongue or 
when there is difficulty of movement be 
cause of lesions of the feet Although the 
formation of vesicles on the skin of the lips 
snout coronary band and interdigital 
spaces IS the most cliaracteristic sign of the 
disease not infrequently the erosion rather 
than the vesicle is seen, as exfoliated tissue 
remains adherent to the margins of the 
lesion and tins stage persists for as long as 
a week Involvement of the coronary area 
sometimes results in loosening or sloughing 
of the claws Sick animals may be reluctant 
to stand and may move witli stiffness which 
suggests a degree of pain Animals resist 
being touched, as early as the papular 
stage Duration of sickness is about 2 weeks 
if there are no complications Prognosis is 
good Scars do not remain after healing 
Inapparent cases of disease occur among 
swine, particularly in animals that ingest 
the virus without the Mrus coming in con 
tact witli abrasions in the mucosal mem 
branes Sucli animals may show a thermal 
response which however, vsould rarely be 
delected 'Wheiher a few or many of Uie 


swine show clinical signs of vesicular stoma 
titis depends upon the epizootiological 
situation 

PATHOLOGICAL CHANGES 
The macroscopic lesion of the disease is 
the vesicle and it appears in the epithelial 
tissue (Chow and McNutt, 1953) The first 
sign of cliange is spongiosis shown by the 
loosening of the epithelial cells of the Mai 
pighian layer (Fig 112) The intercellular 
bridges between the prickle cells are 
stretclied by tlie edematous fluid whicli ac 
cumulates in the intercellular spaces This 
results m tlie formation of small vacuoles 
among cells A large number of small 
vacuoles produce tlie swelling apparent on 
the surface as the papule Confluence of 
neighboring vacuoles produces a vesicle 
which appears from die epitlielial surface 
as an almost transparent bleb Miaoscopi 
cally, there is a multilocular intercellular 
edema scattered diroughout the Malpighian 
layer which has increased m tluckncss 
Spongiotic epithelial tissue and some 
keratinized cells he atop the vesicle The 
fluid of the vesicle contains relatively fev^' 
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In the tvestem hemisphere, there are 
regions in which vesicular stomatitis is en 
zootic and other regions into which it ex 
tends occasionally as an epizootic (Han 
son, 1952) The disease has been reported 
from Panama, parts of Central America, 
Mexico (Camargo, 1954) , about half of the 
United States and one of the Canadian 
provinces in North America (Hanson, 
1952), and m South America it was de 
scribed m Colombia (Reyes, 1946) , Ecu 
ador (Rosero Sanchez, 1952), Venezuela 
(Gallo et al , 1950), Peru (Strozzi and 
Ramos Saco, 1953), and Argentina The 
disease reappears each jear in the enzootic 
regions, and in the epizootic regions the 
disease occurs less frequendy, perhaps once 
in 10 years 

In the enzootic areas, high levels of anti 
bodies are found m most susceptible 
animals (Adams et cl , 1956) In the en 
zootic area of Georgia 100 per cent of 
the horses and about 50 per cent of the 
cattle and swine carried antibodies In the 
epizootic area, antibodies are found only 
m animals of the age group that went 
through the previous epizootic 

Enzootic vesicular stomatitis exists in 
Colombia and Venezuela on the Caribbean, 
and m Mexico on the Gulf of Mexico In 
the United States it is found in Georgia, 
South Carolina, and Florida on the At 
lantic Coastal Plain, and probably also in 
Alabama, Louisiana, and Texas on the 
Gulf of Mexico There is some evidence 
that an enzootic focus may exist m the 
Colorado and New Mexico areas of the 
southern Rockies 

Epizootic vesicular stomatitis has ap- 
peared m the Rocky Mountain states — 
Colorado, Utah, Montana, m the upper 
Mississippi Valley — Wisconsin, Minnesota, 
Manitoba, and in the Appalachian area — 
Kentucky, Tennessee, North Carolina 
Virginia, and West Virginia The outbreak 
in Argentina was probably also an epi 
zootic 

Infection of swine has been reported 
prinapally m die enzootic areas of 
Georgia, North Carolina, Soudi Carolina, 
and Louisiana, and in Colombia and 


Venezuela (Schoening, 1954) The most 
important exception was the first outbreak 
of vesicular stomatitis in swine to be re 
ported in the United States, which occur 
red in August, 1943, in Missouri (Schoen 
ing, 1943) About half of 1,500 swine in 
a hog cholera serum plant were involved 
The disease was severe and characterized 
by pyrexia, lameness, and a few deaths 
Virus of the New Jersey type was isolated 
from the swine Investigation did not re 
veal how the virus got into the plant, but 
within die plant, virus was apparently 
spread both by inoculation procedures used 
in hypenmmunization of swine and by con 
tact The older and heavier swine showed 
the more severe reactions 
Heiny (1945) reported that in 1944 the 
disease was seen in swine m Colorado The 
virus was not isolated from hogs m this 
outbreak but it was isolated from cattle in 
the same area and was shown to be New 
Jersey type virus An outbreak of vesicular 
stomatius in swine was reported from 
Georgia in May, 1952 It continued 
through the summer into August Cases 
have been reported each succeeding year 
The first positive diagnoses were made in 
1952 on 3 premises, involving over a diou 
sand head of swine, and in 1953 on 10 
premises, involving 700 head of swine 
Vesicular stomatitis was then reported in 
Wayne County, North Carolina in May, 
1953, in Beaufort County, North Carolina 
in August, 1954, in Rockingham County 
and Shenandoah County, Virginia, in Sep 
tember, 1953, in Holmes County, Florida, 
July, 1954, m Saint Laundry, Louisiana, in 
August, 1954 (Schoening 1954) 

The geographical distribution of the 
disease and particularly the limitation of 
the enzootic disease to southern areas sug 
gest that environmental factors have a 
considerable importance Epizootic ve- 
sicular stomatitis occurs principally in 
August and September, though the first 
cases may be seen in June and the last in 
October Cases in the enzootic areas as in 
Georgia, are seen from the last of Afay to 
the latter part of October (Adams et al , 
1956) The incidence of disease corre- 
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TREATMENT 

There is no specific treatment lor ve- 
sicular stomatitis of swine. Abundance of 
water and soft feed should be kept before 
the animals to avoid an excessive loss of 
weight during the period of fever and to 
reduce injury to the mucosal tissues. 
Secondary infections which may occur in 
the abraded tissues should be treated ac- 
cording to the type of organism involved. 

IMMUNITY 


Within 10 days to 2 weeks after the de- 
velopment of an infection in swine, neu- 
tralizing and complement fixing antibodies 
may be detected in the blood stream. The 
tiler of both increase until the fourth or 
fifth week and then persist at high level 
for several months before gradually falling 
(Sorensen, 1953). The complement-fixing 
titer disappears long before tite neutraliz- 
ing titer (Mott, 1956). Swine are usually 
refractory to re-exposure a month after in- 
fection. However, this immunity may be 
broken by introducing a large quantity of 
virus on the mucosal tissues. It appears 
probable, on the basis of information from 
the enzootic area In Georgia, tliat natural 
reinfections of swine do not occur. The 
persistence of neutralizing antibodies in 
swine and the duration of refractoriness 
requires further study since the detection of 
neutralizing antibodies in isolated cattle 7 
)ears after infection. Suckling pigs receive 
antibodies from the sow. In one area in 
Gcorgi. 1 , seventy-one per cent of Uic pigs 
which ucrc 3 months of age or younger 
had antibodies. This suggests one reason 
for refractoriness of young pigs in some 
areas. 

Pigs tliat are immune to the Indiana 
type of vesicular stomatitis arc readily in- 
fected by virus of the New Jersey type, and 
the reverse is true. There is no aoss-im- 
munity between the two virus infections. 


iPiZOOTlOLOGY 


While more is known about die cpfzooii- 
,IofiY of vesicular stomatitis Utan about 
molt diseases of liscstocl., a cons.dcrabfc 
portion of tlte ston' is )ct to bo learned. 


The disease has a restricted geographial 
distribution, a seasonal appearance, and a 
host range that is known to include both 
domestic and wild animals. The means of 
transmission has not been established. 

Vesicular stomatitis is a disease of die 
western hemisphere (Fig. 11.3). Stomatitis 
of horses was described in tlie United 
States as early as 1821 and since tlien has 
been reported at intervals (Hanson, 1952). 
It is probable that the disease has ahva)s 
been present on this continent. The 
1915—16 outbreak in Europe was traced 
to animals imported from the United 
States and Canada (Jacoulet, 1915). The 
1898 epizootic in South Africa described by 
Theiler (1901) may also have been an 
introduction from tlie western hemisphere, 
as veterinarians in Africa and in Europe 
have not seen the disease since that time. 
Stomatitis of horses has been observed 
occasionally in countries of Asia, but there 
is no evidence that it is caused by the 
virus of vesicular stomatitis. 
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ever, were not made more susceptible by 
a deficient diet 

Vesicular stomatitis of horses and cattle 
was recognized years before the disease was 
reported in swine Did tins mean that a 
mutation occurred and a new strain witli 
a predilection for swine was introduced or 
that there was inadequacy of reporting? 
Farmers and veterinarians in the Wiscon 
sin Minnesota Manitoba outbreak in 1949 
did not observe any instance of vesicular 
disease in swine The apparent absence 
may not be of great significance, however 
as the region has a small pig population, 
and swine on tiie premises where the dis 
ease existed in catde and horses were not 
tested for antibodies The picture is simi 
lar in the northern Rocky Mountain 
region Disease of swine could have been 
overlooked in these areas Vesicular stoma 
titis was not uncovered in Georgia until 
the vesicular exanthema eradication cam 
paign of 1952 Veterinarians and farmers 
in the area assured investigators that the 
disease was not new, chat it certainly had 
been in the area for over 50 years (Adams 
et al, 1956) 

Supposing that vesicular stomatitis m 
swine has existed whenever the disease has 
occurred m an area in which there was a 
large swme population, the possibility that 
there are strains witli an affinity for swine 
IS still unsettled Six strains of virus iso- 
lated from swine and cattle in the 1952 54 
period differed slightly among themselves 
in pathogematy for swine and laboratory 
animals but this was not correlated with 
the species of origin There is no evidence 
that swine strains of vesicular stomatitis 
have developed as they have for foot and 
mouth disease 

Each summer vesicular stomaiilis has 
reappeared m the United States after being 
quiescent from November to May Where 
does the virus hide during the uinter sea 
son^ Certainly not outside of living cells 
on the walls of pens or piles of ha) as it 
IS too unstable, apparently not in domestic 
animals tliat have had tlic disease, as they 
develop good antibody, perhaps, then, in 
some wild speues A search for the rcser 


voir m southeastern Georgia where the 
disease is enzoouc revealed that wild 
animals do become infected About 60 
per cent of the deer and 45 per cent of 
the raccoons and bobcats possessed neutral 
izing antibody indicating pnor infection 
(Karstad et al , 1956) Experiments in 
which these animals were exposed to the 
virus resulted m a mild acute infecuon, a 
short earner period, and a rapid and strong 
immunity There was no suggestion of a 
earner state (Adams et al , 1956) Man is 
also susceptible and develops an influenza 
like infection following exposure The 
initial cases to be described were laboratory 
accidents (Hanson et al , 1950 Fellow es et 
al , 1955), but m 1956 a survey of farm 
families in southeastern Georgia revealed 
that the virus infected man m rural com 
mumties Although the host range of ve 
sicular stomatitis has been extended 
m the last few years and may be extended 
further, chronic or carrier type infection 
has not been demonstrated in any warm 
blooded animal Latency cannot be ex 
eluded, however, serum neutralization 
uters persist witiiout diminution in iso 
lated cattle for 7 years The possibility of 
virus persisting in a parasite or some m 
vertebrate has been studied only superfi 
daily but appears more promising as a solu 
tion to tlie survival of vesicular stomatitis 
over the winter (Adams et al , 1956) 

Vesicular stomatitis appears to be en 
zootic in the warmer portion of the west 
ern hemisphere \Vhen conditions are 
favorable, it spreads tiiroughout suitable 
areas in tlie cooler regions of northern 
United States and soutliern South America 
As long as there is a rescnoir of the virus 
and a suitable vector, the virus will con 
tinue to persist irrespective of quarantine 
It IS possible that better knowledge of die 
cpizoottoiog) would make control possible 
Uirough management of die reservoir or 
vector If It were desirable, cittlc and 
horses probably could be rendered nninunc 
b) intramuscular inoculation widi strains 
of virus now available It is very doubtful 
tltat sucli strains could be used m swine 
without generalization of the disease Im 
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spends fairly well with the activity of mos 
quitoes and biting flies It has not been 
possible to show relationship between wet 
years and epizootic years For example^ 
1926, 1937, and 1949 in Wisconsin were 
not similar m the rainfall Other years oc 
curring in the interim were wetter or dryer 
The vector picture, however, is much more 
complicated than total rainfall The pat 
tern of rainfall, heavy showers that leave 
breeding pools or heavy rams at critical 
periods, are more significant than the total 
rainfall 

Roberts and associates (1956) showed 
that populations of potential vectors m the 
Wisconsin epizootic area vary from year 
to year Some years, a particular speaes 
of mosquito would occur in large numbers 
m the spring In other years the same 
species would be found in the fall Some 
speaes inaeased in numbers over a period 
of )ears and others decreased Vectors 
furthermore, were not evenly distributed 
tliroughout an area as small as a county 
Wet land pastures had different species 
and different populations than dry land 
pastures Tree cover or lack of tree cover 
modified the picture Insects found m the 
stable differed from those found m the 
pastures. It is significant that numerous 
obser>ers m widely separated regions ha\e 
reported die prevalence ol die disease jjj 
pastured animals and its rarity in stabled 
animals, its prevalence m animals m 
wooded pastures and its rarity m open 
pastures, its prevalence in animals on wet 
land pastures and its rarity on dry land 


pastures 

The susceptibility of tlie animal cannot 
be Ignored Age certainly is a factor 
Mature animals appear to develop vesicular 
stomatitis more readily tlian immature 
aninnls Veterinarians observed thousands 
of cattle witli lesions of vesicular siomatius 


during Uic 1919 ^Vlscon$ln epizootic 
(Brandly el al , 1951) . onl) one animal less 
Uian si\ months of age was reported to be 
diseased, althougli immature animals must 
have made up a considerable part of tjic 
herd at risk Expcnnieii:aII>, calves may be 
infected, the disease, however, develops 


more slowly and lesions are milder A bi 
phasic rather than a monophasic tempera 
ture curve has been found Fellowes and 
CO workers (1956) obtained higher titers 
in adult bovine tongue epitlielium tlian in 
the tongue epithelium of calves Most 
observers have found the larger and older 
pi^ more susceptible tlian the smaller and 
younger ones Sanders and Qum (1944) re 
ported that in the Missouri outbreak the 
disease was limited, with one exception to 
the heavy, hyperimmune, garbage fed hogs 
In studies of experimental transmission 
Shahan (1946) found the older pig to be 
more susceptible than die young pig On 
the other hand, Wagener (1932) reported 
that vesicular stomatitis can readily be 
transmitted by direct contact among young 
swine and less readily among older swme 
Schoening (1954) cited an outbreak m 
Wayne County, North Carolina, m ivliicli 
a brood sow and 5 of her suckling pigs 
showed lesions Lesions were not found m 
the 10 feeder shoais or 1 boar whicli were 
also m assoaation with the sow and her 

P«gs 

Some of the basic work on susceptibility 
and age was conducted with vesicular 
stomatitis in laboratory animals Sabin 
and Olitsky, (1937) found mice of all 
ages to be susceptible if die virus was 
introduced direcdy into the hrain Younjj 
mice, from birth to about one week after 
weaning also could be infected if die virus 
was placed on die nasal epithelium or m 
jected intramuscularly or intrapcriioncall) 

In laboratory animals as m livestock the 
best epithelial lesions have been obtaiiictl 
in mature animals, large guinea pig* bciiic? 
more sausfactory dian snnll guinea pig* 
for foot pad inoculation Lnvironinciital 
factors affect the host response Mice iul> 
jeeted to certim diangcs in cnvironniCiual 
temperature died in greater numbers-" 
60 per cent of those stressed as conipare*! 
to 12 per cent of diosc not so stresse 
(CrifTm el al , 1951) Niuriiion iiu) 
tribute to die total rcsjxsnsc Sabm (I^^O 
found tJiat the resistance to intranasal m 
fccuon could be delayed in muc * 
dericicnt dici Mice once resistant now 
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mune animals %vouId simplify diagnosis 
and control of other vesicular disease, but 
tliere is insuffiaent justification for it on 
the usual economic grounds While ve- 
sicular stomautis in swine ready for market 


could be costly to the livestock owner m 
delay or shrinkage, under most conditions 
he is not concerned as the animals return 
to normal appearance and weight ivithin 
2 weeks 
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CHAPTER I 2 

iFo of - a n d- fUo uf fi 
of Swine 


Disease 


Foot and mouth disease (FMD) , known 
also as aphthous fever, epizootic aphthae, 
fievre aphteuse (French), Maulund Klau 
enseuche (German) , fiebre aftosa (Span 
ish) , and a/fa eptzooftca (It^ian) , is an 
acute, highly communicable disease affea 
ing almost exclusively clo\en footed am 
nials, domesticated and wild It is charac 
lenzed by the formation of vesicles in the 
mucosa of the mouth (tongue, lips cheeks 
gums, palate, etc), the skin especially on 
the snout, betueen and above the hoofs 
of the feet, the dew claws, teals, and udder 
Confusion exists regarding the early his- 
tory of FMD (Trautwein, 1929) The 
manifestations of the disease in the mouth, 
feet, udder, and other organs were con 
sidered as lesions and symptoms of seieral 
diseases, rather than one A century ago 
h%cstock owners, growers, and observers 
of livestock diseases did not recognize m 
importance since the infection generally 
causes comparatively low rnortahtj, pro- 
duces severe symptoms for only a relatively 
short time, and occurs in man witli ex 
treme rant) It was not until tlic latter 
part of the ninctcendi century and early 
in die twentieth century that the lull 
importance and economic impact of FMD 
received proper consideration This re 
suited III formation of commissions and 
csubhslimeni of laboratories in several 
countries for sttidj of the disease 


GEOGRAPHIC DISTRIBUTION 
FMD occurs and generally is considered 
enzoouc or (requemly epizootic in most 
of die major livestock producing countries 
of the world, except in Nordi America 
Central America, Australia and New Zea 
land In Australia FMD last occurred m 
1872 (Seddon, 1055) Atrics Asia Europe 
and Soudi America have not been free 
from It for decades The British Isles have 
been free of the disease for months at a 
ume only to have the disease reintroduced 
from European countries or other countries 
where the disease is enzootic The United 
States has experienced nine outbreaks of 
FMD (Mohlcr, 1938 Mohlcr and Traum 
1912), the first in IS70 and the latest in 
1929 fn all but two instances die disease 
was eradicated and quarantines were re 
moved within a few mondis In the na 
tionaliy widespread outbreak of 1911-18 
and in the 1021-25 outbreak in California 
20 mondis of ceaseless c/fort was rcritiircd 
before it was considered safe to remove 
all restrictions from the involved areas In 
die 1911-16 outbreak dicre were S5 092 
swine, 77,210 cattle and 9S90 sheep and 
goats involved During die 1921-23 CaJi 
forma outbreak dicrc were 2I.I9 j suinr. 

53 791 cattle, 22 21 J decr. and 29 773 sheep 
and goats destroyed because of infection or 
exposure to die disease Of die 22 21 i deer 
desrroved 22J79 were found U> alfccted 
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bryonating chicken eggs, although gen 
erally regarded as non susceptible, have 
nevertheless been infected with some 
strains of virus passed intermittently 
through guinea pigs and incubated eggs 
(Traub and Schneider, 1948), or from I 
day old chicks to incubated eggs (Skinner, 
1954, Gillespie, 1955) Hamsters have been 
shown by Korn (1953) and Komarov 
(1954) to be highly susceptible to plantar 
inoculation of JFMDV, developing a severe 
and frequently fatal disease 

Kidney Cell Cultures 

Sellers (1955) and Bachrach et al 
(1955) reported that the virus of foot and 
moudx disease produced cytopathic changes 
in swine and bovine kidney cell cultures 
More recently, Bachrach et al (1957a) 
succeeded in propagating foot and mouth 
disease virus in cultures prepared from 
lamb kidneys, mammary carcinomatous 
tissue of mice, and in subcultures of bovine 
skin, muscle, and kidney Melendez and 
CO workers (1956) have reported success 
with cultures of embryonic bovine lung 
and heart tissue Methods have also been 
developed for the assay of FMDV and its 
antibodies as well as for the production of 
VITUS on a relatively large scale (Bachrach 
ct al , 1955, Bachrach et al , 1957a) 

etiology 

FMD is caused by a filtrable virus 
(LoelEler and Frosch, 1897) with an esti 
mated particle size of 8-12 m^i as deter 
mined by ultrafiltration (Galloway and 
Elford, 1933) Seven immunologically and 
serologically distinct types of FMD ha\e 
been reported types O and A by ValWe 
and Carrd (1922), type C by TValdmann 
and Trauuvein (1926) , types SAT 1, SAX 
2, and SAT 3 by the British i^orkcrs at 
Firbright, England (British Committee 
Report, 1954), and recently these same 
'workers have reported an /Vsian type (/\sia 
1) (British Annual Report, 1951—55) 
'l>pes O, A, and C ha\e been reported 
from \arious parts of die ivorld while the 
African types SAT-1, 2, and 3, ha%c not 
been found outside of Africa Not much is 


known at present regarding distribution of 
type Asia 1 except that it has been found 
in Pakistan, India, Hong Kong, and Thai 
land Immunological subtypes or variants 
of types O, A, and C, especially A. have 
been encountered frequently, and variants 
of SAT 1, 2, and 3 have also been reported 
(Henderson, 1954) The serological and 
immunological characteristics of the vari 
ants frequently are sufficiently different to 
cause difficulty in classification and im 
mumzation The resistance of the virus to 
physical and chemical influences is reported 
under Epizootiology (page 210) and Con 
trol (page 213) 

CLINICAL SIGNS 

The disease (Trautwein, 1929 Mohlcr 
1938 Waldmann and Nagel, 1939 Mohler 
and Traum, 1942) manifests itself by the 
formation of vesicles on the mucosa of the 
mouth including tlie tongue, lips gums, 
pharynx and palate Vesicles may be 
found on the coronary band and on tlic 
skin between and above the hoofs Vesicles 
may be present on the teats of the nursing 
animals, and are frequently found on die 
snout and back of the nm of the snout 
and may someumes extend into die nares 
In rare instances lesions may be found on 
other portions of the skin such as die per 
meum, vulva, or scrotum Lesions miy be 
located at any one, seseral, or most of diese 
sues 

The resides are diaractcristic of FMD 
but arc clinically indistinguishable in in 
dividual animals or groups of animals from 
lesions found m scsicular stomatitis (VS) 
or sesicular exanthema (VE) of suine 
(Fig 12 1) The scsidcs usually rupture 
soon after dieir appearance, leaving raw, 
hemorrhagic, granular, eroded surfaces 
widi ragged fragments of parually dc- 
ladicd, more or less necrotic cpididium 
In the absence of secondary bacterial in 
fecuons. die lesions tend to heal rapidly, 
beginning with a serofibrinous exudate and 
a gradual replacement of cpidiclium tint 
may be unpigmcntcd 

The incubation period follouing natural 
exposure \arie$ from 2 days to a week but 
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principally with foot lesions (U.S.D-A. 
Circular, 1926). In the smaller 1929 out- 
break in California there were 3,291 swine 
and 277 cattle involved (Moliler, 1929). 

The first diagnosis of FMD in Canada 
was in February, 1952 (Childs, 1952). 
The country was listed as freed from the 
infection by the U.S.D.A. on March 1, 
1953. The presence of the disease in Mexico 
was established in 1946 (U.S D.A. Release, 
1947) , and that country was not declared 
free until September, 1952, (Shahan, 1954) 
after nearly one million animals had been 
slaughtered and approximately sixty mil- 
lion vaccinations had been applied. The 
infection was again discovered in May of 
1953 (U,S.D.A. Release, 1953) and restric- 
tions against the importation of cattle, 
swine, sheep, and goats from Mexico into 
die United States were not again removed 
until December 31, 1954 (U.S.D.A. Re- 
lease. 1954a. 1954b). 

NATURAL AND EXPERIMENTAL HOSTS 

Susceptibility to natural infection with 
FMD is primarily and almost exclusively 
limited to cloven footed animals, domestic 
and wild. Cattle, hogs, sheep, and goats 
are most frequently affected, in the order 
mentioned. However, tliis order of suscepti- 
bility to the disease docs not always pre- 
vail. Adaptation of the virus to one par- 
ticular species sometimes occurs. In such 
cases, patliogenicity for other normally 
liighly susceptible species may be reduced, 
even to die point of apparently complete 
innocuity until die virus is again readapicd 
to diose species (Trautvsein, 1929; Mohlcr, 
1938). Outbreaks of FMD have been re- 
ported where swine were almost exclusively 
involved, aldiough cattle and odier $us- 
cepublc animals were intimately exposed- 
The virus from two sucli outbreaks was 
shown under experimental tests to have 
developed a strong adaptation to swine, 
with high infcciiviiy for this species, while 
catdc could only be infected experi- 
mentally with great dilficuliy (Waldmann, 
1930; Brooksby, 1950). The reverse has 
also been observed. British Annual Report 
(1951-55) shows that fooi-.imlmouth di*- 


ease virus (FMDV) isolated from cattle 
and known to be highly communicable and 
invasive for this species, displayed a low 
grade of invasiveness and communicability 
when tested in swine. 

Dogs and cats, especially young ones, 
are slightly susceptible to artificial infec- 
tion (Trautwein, 1929; Waldmann and 
Nagel, 1939; British Progress Reports, 
1927a, 1931a, 1937a; Hove, 1929, 1930). 
Rats have been experimentally infected, 
and rare cases of natural infections of rats 
have been reported in England (British 
Progress Reports, 1931a). Rabbits have 
been infected artificially (British Progress 
Reports, 1927b, 1931b). The European 
hedgehog may be readily infected experi- 
mentally with FMD, and natural infec- 
tions in hedgehogs have been observed in 
England (British Progress Reports, 1927b, 
1931c, 1937b; Beattie et al, 1928; Me* 
Lauchlan and Henderson, 1947). 

Olitsky et al. (1928) did not succeed in 
inducing lesions with either A or O type of 
fooi-and-moutli disease viruses in 6 horses. 
Waldmann and Trautwein, reported b) 
Trautwein (1929), could not produce ilic 
disease in 10 horses with tlie 3 type* 
FMDV known then. Trautwein (1929) al- 
so reports that Vallde was not successful m 
transmitting types A and O FMDV to 
horses. 

Guinea pigs have been used extensively 
in FMD research since early 1920 {Wald- 
mann and Pape, 1920, 1921; Olitsky et oU 
1928). The disease produced experimen- 
tally in tills species is a prototype of the 
disease in cattle, but infection is not aC' 
qutred by contact. Adaptation of the virus 
to guinea pigs sometimes requires repeated 
passages over a considerable period (Ih»t| 
isU Progress Report, I93Id; Gins an 
Krause, 1921). Man is rarely infected 
FMD, aldiough in many countries he i* 
extensively and repeatedly exposed to the 
disease, bodi directly and indircetJ) 
(Traum, 1951; Vcttcrlcin. 1951) • Suckhnet 
white mice have been found to be hiS"^f 
susceptible to intra abdominal injection o 
die virus, which causes spastic paral)***- 
myositis, and death (Skinner. 1951)- 
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but his observation has not been confirmed 
by other ivorkers (Trautwein, 1925). 
Further study is needed to establish the 
character and even the presence of abnor- 
mal intranuclear or intracytoplasmic bodies 
in FMD lesions. 

In some outbreaks and in individual ani- 
mals, especially the young, there is pa- 
rencliymatous degeneration and necrosis of 
the myocardium (Fig. 12.2) as manifested 
by discrete or confluent, gray-white or yel- 
lowish areas described as “tiger heart” 
(Berdan, 1913; Joest, 1911). 

In inoculated, unweaned mice (Skinner, 
1953), day-old chicks (Skinner, 1954; Gil- 
lespie, 1954) , and in chicken embryos after 
adaptation of the virus, muscle tissue is 
especially affected (Traub and Schneider, 
1948). Potel and Korn (1954) have shown 



fIG. 12 2— Necrotic foci In pig heart caused by 
^irus of foot-and-mouth disease, commonly re- 
ferred to os "tiger heart." (Courtesy Or%. H. 
Frenkel and H. H. J. Fredericks, State Institute 
for Veterinary Research, Amslerdotn, Nether- 

lends) 


that guinea pigs, after plantar intradermal 
inoculation of FMDV will, in many cases, 
develop myositis in the form of Zenkers’ 
hyaline degeneration with mesenchymal 
cell infiltration of certain groups of skele 
tal muscles whicli contain virus of ratJier 
high titer. From these studies, these in 
vestigators are inclined to conclude that 
the virus multiplies in the muscle tissue. 

DIAGNOSIS 

The typical vesicle with blanched cover- 
ing, with usually clear, sometimes turbid, 
colorless or straw colored fluid, is character- 
istic of FMD as well as VS or VE, and evi- 
dence of its existence is essential in clinical 
diagnosis of FMD or either of the other 
two vesicular diseases. 

Field Diagnosis 

Field diagnosis is usually accomplished 
by different types of inoculation of horses, 
cattle, and sivine (Table 12.1) and, if 
other species such as sheep or goats are 
involved, these are included in the tests 
(Traum, 1934). Specially trained federal 
veterinarians are available in all parts of 
the United States, and field diagnosis 
should be left to them. IVhen laboratory as- 
sistance is needed, diagnostic material will 
be referred to the laboratory by the diag- 
nostician. In making a differential diag- 
nosis the following criteria are considered: 

1. Horses are not susceptible to FMD 
(Olitsky et al., 1928) but are susceptible 
to VS (Traum, 1934), and only slightly 
or irregularly so to VE (Afadin and Traum, 
1953; Traum, 1934). Natural infection of 
FMD in horses has not been prosen. 

2. Cattle are susceptible to FMD and VS 
(Cotton, 1927; Traum, 1934) but not to 
VE (Madin and Traum, 1953; Traum, 
1931; Olitsky et al., 1928). 

3. Swine are susceptible to all 3 diseases 
(Traum, 1931), and only swine have been 
naturally or experimentally infected with 
VE (Madin and Traum, 1953; Traum. 
1934), except as noted above in 1. 

In addition to VE and VS, sv^inepov 
may be suggestive of FMD. In swinepox 
die very supcificial vesicles that may be 




206 


Section II VIRAL DISEASES 


may be longer, depending on the particular 
strain of virus and upon the nature and 
extent of the exposure to infection. Ex- 
perimentally inoculated animals usually de- 
velop clinical signs and lesions within 20 
to 48 hours, but these may be delayed a 
^veek or more. 

The lesions induce a series of other signs 
— increase in body temperature, lassitude, 
anorexia, excessive salivation, smacking of 
lips, and, when the feet are involved, lame- 
ness IS evident, tlie severity depending 
upon extent of involvement. Because mas- 
tication may be painful and feed consump- 
tion is limited, due to anorexia, there is 
loss of weight and condition. There is a 
reduction or total cessation of milk flow. 
Abortion, mastitis, and chronic deformi- 
ties of the feet are common. The mortality 
seldom exceeds 5 per cent. The greater 
mortality is in >oung animals and, in out- 
breaks where the heart is involved, the 
over-all mortality may be as high as 50 
per cent. 

PATHOLOGICAL CHANGES 
In FMD the virus, naturally or experi- 
mentally introduced at susceptible sites 
such as the mucosa of the mouth or hair- 



less portions of the skin of the snout or 
feel, invades these parts, inducing vesicles 
From these primary lesions virus enters the 
blood stream and is distributed to various 
organs and tissues of tlie body. When it 
readies sites of predilection, it usually sets 
up secondary vesides with a rise in body 
temperature completing die typical di- 
phasic dinical picture of vesicular diseases 
(Mohler and Trauni, 1942; Trautvvein, 
1929) . The formation of vesicles at second- 
ary sites is influenced to a great extent by 
pressure in those areas; in heavy animals 
or animals trodding rough ground, there 
is apparently greater tendency toward in- 
volvement of the feet than in animals of 
lighter weight or those on well-bedded sur- 
faces (British Progress Report, 1928a). It 
has been observed that when foot-and- 
mouth disease develops on farms or ranches 
where swine, especially die young, receive 
their feed from V-shaped troughs with 
cross bars on top, a high percentage of 
them show vesicle formation back of die 
rim of the snout. As found in the natural 
disease in the field, the vesicles may be 
either primary or secondary, and, in some 
instances, the point of entry may be situ* 
ated where the primary lesion cannot be 
observed readily. Tiie virus may enter 
naturally or be introduced experimentally 
at sites where primary vesicles do not de- 
velop. For example, in intramuscular in- 
jections die virus finds its way into die 
circulatory system and dien is transported 
to sites of predilecdon where it forms vesi- 
cles. Teat and udder lesions may be pn- 
mary as the result of nursing die infected 
young, or they may be secondary. 


HISTOPATHOLOGY 

Epithelial cells of the affected tissues are 
swollen and rounded widi pycnoiic nucIeJ- 
Polymorphonudear cell infiliraiiou, cc 
necrosis, separadon of epithelial cells 3n_ 
layers, and subepidielial hyperemia arc cu 
dent. The stratum spinosum 
stratum granulosum arc especially involve. 
(Trautwein, 1929; Galloway and Nico au, 
1928). Intranuclear inclusion hod«c$ ha' 
been described by Huntcmilllcr (*9 
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3 Virus neutralization test With the 
advent of the use of the guinea pig as a 
suitable experimental animal for foot and 
mouth disease research by Waldmann and 
Pape (1920), the detection of immune 
bodies m recovered and hyperimmune am 
mals was made practical (Ohtsky et al , 
1928, Waldmann and Pape 1921 
Brooksby, 1949) These tests may be used 
(1) in identification of antibodies m re 
covered animals or (2) in identification of 
virus In the first instance, serum from 
convalescent or recovered animals is tested 
for the presence of virus neutralizing anti 
bodies such antibodies inhibit the growth 
of FMDV in tissue cultures (Sellers 1955 
Bachrach et al , 1955) or reduce infectivity 
when measured mixtures of serum and 
virus are injected into susceptible animals 
Mostly, suckling mice and guinea pigs 
have been used for this purpose Suckling 
nnce have given the better results (Skin 
ner, 1953) Neutralizing substances are 
generally present by the end of the first 
week after appearance of clinical signs, or 
even sooner, and may be detectable in the 
serum several montiis after onset of the 
disease 

In virus identification, the unknown 
agent is added to specific immune or hyper 
immune serum of known neutralizing titer 
and inoculated into susceptible animals, 
such as cattle, guinea pigs, or mice Tissue 
cultures also may be used for this purpose 
(Sellers, 1955, Bachrach ef a/ , 1955) The 
test has proved to be very satisfactory 

4 Cross immunity test- This is one of 
the oldest tests and is still considered very 
reliable The difficulty has been to main 
tain sufficient animals immune to the van 
ous types of FMD, VS, and VE Identifica 
tion of a virus is based on the relative 
resistance of known immune animals to 
die \irus to be classified Immune guinea 
P*gs and naturally susceptible immune am 
ttials are used for dus test (Ohtsky et al, 
1928) 

5 Guinea pig protection test. This is 
Similar to die serum neutralizauon test ex 
cept dial die scrum and Mrus arc not 
mixed before injection into die guinea 
P'g instead die scrum is injected from a 


few minutes to one hour before injection 
of the virus Interpretation of the test is 
based on the presence or absence of 
secondary lesions with or without develop- 
ment of primary lesions In such a test it is 
important that the virus is known to pro 
duce regularly secondary lesions m guinea 
pigs (Ohtsky et al , 1928 Brooksby, 1949) 

6 Mouse inoculation test In the labora 
tory, and under some circumstances in the 
field adult and suckling mice may aid m 
the differentiation of the three vesicular 
diseases, on the basis of the following facts 
VS virus quite regularly infects adult 
mice when inoculated intracerebrally, 
while FMDV, especially field virus is usu 
ally innocuous to adult mice by any route 
(Henderson, 1948, Nagel 1951 Cunha et 
al, 1955) FMDV, even that direedy from 
field cases, (Skinner, 1951 1953) as well 
as vesicular stomatitis virus (VSV) (Fel 
lowes et al , 1956) is highly pathogenic for 
unweaned mice Vesicular exanthema virus 
(VEV) appears to be innocuous for either 
unweaned or adult mice (Madm and 
Traum 1953) 

7 Chicken inoculation test. Skinner 
(1954) reported that adult chickens were 
susceptible to the virus of FMD and VS 
when injected iniradermally in the tongue 
produang vesiculation within 24 hours 
Similar results have been obtained with 
both of these viruses at die Plum Island 
Animal Disease Laboratory (PIADL 1955- 
57) Holbrook and Patterson (1957) have 
slioivn that adult chickens are not suscep- 
tible to die virus of \esicular cxandicma 
when sinularly injected 

IMMUNITY 

Recoscry from natural or artificially m 
duced F\iD is followed by lypespeafic 
and. to a degree, sanant specific immunity 
(Trautwcin, 1929, Ohtsky et al , 1928 
Waldmann and Nagel, 1939 British Pro- 
gress Report, 1927c, Galloua), 1954, \fuhl 
mann. 1954) Immunity in FMD and other 
\cstcular diseases is classified as local or 
histogeme, and general or humoral I-ocal 
immunity dc\cIops widiin 3 da)s at and 
around the site of the lesion Humoral 
immunit) is detectable within a week. 
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found anywhere on the body are preceded 
by papules and followed by pustules 
(Creech, 1942), conditions which do not 
occur in FMD, VE, or VS Lameness due 
to traumata but without vesiculation oc 
curs frequently in garbage fed swine and 
may be confused with FMD Sudden 
deaths suspected as being due to poisoning 
may be caused by the heart lesions of 
FMD 

Laboratory Diagnosis 

1 Complement fixation test C i u c a 
(1929) reported the demonstration of the 
presence of complement fixing antibodies 
in the sera of guinea pigs which had been 
infected or hypenmmunized with foot and 
mouth disease virus This test is used for 
the identification of virus in ussue (usually 
vesicle covering) from suspected cases of 
infection in the field (Traub and Mohl 
mann, 1943, Brooksby, 1952) In order to 
identify specifically the virus, the speamens 
must be fresh, field material is best pre 
served in buffered glycerin solution kept at 
•4® to 7® C , or It may be frozen Tissue 
from the lesions is used as antigen in the 
presence of specific hyperimmune serum of 


the various vesicular diseases Guinea pig 
serum is most commonly used Marucci 
(1957) has devised a direct complement 
fixation test for detection of antibodies in 
sera from convalescing and vaccinated cat 
de 

2 Indirect complement fixation test 
(Rice and Boulanger, 1953, Rice and 
Brooksby, 1953) This test is based on the 
observation that serum from convalescent 
or recovered cattle in the great majority of 
cases of FMD and VS does not sulBciently 
fix the complement in an ordinary compl^ 
ment fixation test to afford a diagnosis 
however, such serum may partially or 
totally engage known titrated antigen to 
the extent that the antigen will no longer 
have the power to show tlie masimum 
fixation nor possibly any fixation m die 
presence of known, titered, hypennunune 
serum Under some circumstances, the test 
has been found to have definite practical 
application m FMD and VS m cattle and 
It IS suggested for use witli swine sera 
(Rice et al , 1953) This test has not been 
used to any great extent instead uJ® 
serum neutralization test is used whenever 
possible 


TABLE 12 1 

Response d« Animals to Inocuij\tion by Various Routes With the Vesicular Viruses • 




Minimal 
Number of 

Typical Response If 
Unknown Virus 1* 





VS 

VE 

Test Species 

Route of looculaboa 

Needed 

FMD 

Sume 

intradcrmal (snout and inner 

2 

+ 

+ 

+ 

lips, plus scanCed snout) 






intravenous 

2 

+ 



Horse 

intramuscular 

1 




iDtradermoUngual 

1 

- 

+ 


Cattle 

intraderroolingual 

1 

+ 

+. 


mtramuscular 

1 

+ 

-t 


Sheep 

Guinea pigs 

intradcrmoiingual 

2 

+ 



intradennal (plantar pads) 

2 

+ 

+ 


Suckling mice 

Adult mice 

Embrjonating cluckcn eggs 
Adult chickens 

intrapentooeal 
intracerebral 
allantoic cavity 
subcutaneously in the tongue 

10 

10 

5 

5 

+ 

+ 

+ 

+ 

+ 

+ 




• Modifcd from Madm and Traum (1953) 
Key to symbols 
^ B positive 


sft irregular and slight, 
t With rare excepuons 
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survived best in distilled uater when the 
acid base reaction was adjusted to pH 7 6 
Conditions other than pH of the medium 
may influence survival ume of the virus 
During a 5 week period of observation 
Bachrach et al , (1957a) found only a 
slight decrease in infectivity of FAXDV pro- 
duced in tissue cultures in veronal acetate 
buffer solution at 4° C and pH 7 or 7 5 
At pH 8, 90 per cent of the virus infecuviiy 
was lost in 3 weeks, at pH 9, a correspond 
mg loss occurred in I week In samples 
stored at pH 6 5 and 10, there was a 90 
per cent reduction in infectivity every 14 
hours and, in samples at pH 5 and 6, a 
similar reduction was observed in less than 

I minute Under conditions of tliese ex 
penments tlie rates of inactivation of 
virus in 3 solutions at pH 2, S, and 4 were 
too rapid to be measured 

Other Influences on Virus Stability 
Outside the animal body variable con 
IQ9 q^* effect virus viability (Trautwein, 
1929) When exposed to sunlight, espea 
«ly m a thin layer, die virus is readily 
estrojed, but in tissue fragments contain 
mg the virus, or on contaminated materials 
such as hair, feed, and stable equipment 
e virus may remain infective for several 
Weeks Under average stable and farm con 
1928b) Progress Reports, 1927f, 

In open sewage, Wagener (1928) found 
6 virus to persist for 39 days and, under 
t^ertain conditions as long as 103 days, but 
w en the infected sewage was enclosed un 
cr conditions permitting concentration of 
uirnonia, the virus was destroyed within 
* days 

That the virus does not aliva)s perish 
quickly outside the animal body is strongly 
^nUicated by the fact that FMD has m 
3re instances appeared on premises dunng 
c gradual restocking whicli is usually 

II eradication policy in the 
nited States, 30 to 60 days after slaughter 

? and contact animals and dism 

of tile premises (Trautuein, 1929, 
''aldmann and Nagel, 1939) Evidence is 
'^liable to show that, in one instance in 
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California the virus persisted on such 
premises for 345 days (Traum 1934 Moh 
ler and Traum 1942) 

It has been accepted generally tliat heat 
sufficient to destroy non spore bearing bac 
tena will inactivate FjMDV, and that pas 
teurization temperatures of 142 145® F 
(61-63® C) for 30 minutes are adequate 
to destroy FAIDV, providing every portion 
of the medium containing the virus is 
maintained at that level Further, it has 
been accepted generally that virus kept at 
a temperature of 37° C loses its infectivity 
in a few days At room temperature it re 
mams viable somewhat longer, but under 
ordinary refrigeration (4-7° C) it may 
remain infective for many montL At low 
temperatures ( 30 to 70® C ) the virus re 
mams viable for several years (British Pro 
grass Report, I927d) 

It now appears from unpublished results 
of work done at the Plum Island Animal 
Disease Laboratory (1957) that whereas 
FMDV contained in bovine tongue lesions 
subjected to pasteurization temperatures 
for 30 minutes loses 90 to 99 per cent of 
Its infectivity, some residual infectivity may 
be demonstrated under certain conditions 

Season and Climote 

Apparently season and climate have no 
effect on die spread of FMD except as they 
may affect traffic and movement of animals 
and other agricultural products, as well as 
people Possibly hot, dry weaUier ma> tend 
to slow epizootics 

Chemical Disinfectants 

The effects of various cliemical disinfee 
tanis on die virus of FMD have received 
considerable attention m the past (Traut 
wem, 1929, Oltisky et a!, 1928, British 
Progress Report, 1927d) In general, it may 
be stated that most of such materials have 
for various reasons been proved unsatis- 
factory for practical use An exception to 
dits general rule is sodium ]>)droxidc 
(NaOH, caustic sotla Ije) (Oliisky et al 
1923 British Progress Report 1928c) A 
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usually after 5 days, the peak being reached 
m 3 to 4 weeks Local immunity to direct 
inoculation with FMD usually endures for 
3 to 4 months, decreasing rapidly there 
after, although resistance to infection by 
contact may persist as long as 2 years 
Humoral immunity against FMD may per 
sist for 2 or 3 years but generally begins 
to subside materially at the end of 1 year 
Immunity appears to be less substantial 
and persistent in swine than in cattle 
(British Progress Report, 1937c) 

TREATMENT 

In those countries where the slaughter 
or the stamping out method of eradication 
is used there is no place for treatment 
There is no known speafic cure for the 
disease, and the palliative treatment only 
alleviates tlie symptoms of the disease and 
does not prevent the spread of infection 
The repeated handling of animals in at 
tempts at treatment interferes with the 
eradication effort 

EPiZOOTlOLOGY 

In epirootiology and control, it is ira 
porianc to have a good understanding of 
sources of infection, transmission, com 
municability, and resistance of the virus to 
clieraical and physical influences 

Source of Infection 

The virus of FMD is present in die fluid 
and coierings of the vesicles and may be 
found m tlie blood, organs, secretions, and 
excreuons m die febrile stages of infection 
The conditions under whicli die virus oc 
curs in and out of living and slaughtered 
animals determine its viability and infec 
tivity In the living animal, virus m die 
\esicle co\erings and fluid, in other por 
uons mvoUed in the vesicles, and in most 
of the body ussucs and organs, loses its 
infcciivity VNidim 5 to 7 days after ap 
pcarance of lesions, vuth infrequent cv 
ccptions It has been found dial certain 
portions of the living animal, sucli as the 
skin, hair, and loose portions and crevices 
in die hoofs ma>, in some cases, contain 
infccuve virus for some time (Mohler, 


1938, Trautwein, 1929, Waldmarin and 
Nagel, 1939) 

Effect of pH on Virus Stability 

In the slaughtered animal (Trautuem 
1929, Stockman and Minett, 1926) the 
formation of sarcolactic acid in the normal 
process of rigor mortis rapidly inactivates 
virus that may be contained in the muscles 
and other parts reached by die acid Quick 
freezing, however, suspends acid forma 
tion, and sucii muscle may retain Jts in 
fectivity until thawed Lymph nodes, 
kidney, bone marrow, rumen (of cattle), 
and otlier organs, as well as residual blood 
are not affected by the clianges attending 
rigor mortis and may retain inlectne vinis 
for weeks, depending on circumstances 
Henderson and Brooksby (1948) , 
contributed substantially to this knovvledge, 
based their conclusions primarily on studies 
with infected bovine tissues, and m ah 
one experiment the infectiviiy of the ma 
terials was tested in catde In one case, 
however, bovine material was fed to hogs 
Henderson and Brooksby state, 'U'e have 
made no observations on the survival of 
virus m porcine tissue, but pH studies 
showed tliat the acid formation of fiso*" 
mortis was not sufficiently different fro*” 
that of beef and beef offal to necessitate 
separate consideration ’ 

The literature on FMD contains man) 
references on the effects of tlie h)dr 0 Scn 
ion concentration on stability of 
In general, it has been found lliat media 
at pH 7 4-7 6 are optimal A shift i” 
m cither direction makes conditions mr 
survival less favorable, but not maicr***‘ ' 
so until die pH on the acid side is bcio'* 

6 and on the alkaline side is above 
Ohtsky and Boez (1927), studying 
tions most suitable for nuikiplicaiion o 
FMDV, state that the hydrogen ion co” 
oimntion of die medium should be 7-a 
76 ^ , 

Henderson and Brooksby (1918) 
in dicir experiments dial the pH of 
did not go below 5 3 and diat at ihi* P 
dierc vias destniciioii of die virus 

Edwards (1931) found tint the 
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attributed to swill and 36 were in herds 
with possible contact with swill 

Communicability 

Affected animals are most infective dur 
mg tile acute stages of the disease (Moh 
ler, 1938, Trautwem, 1929, British Pro 
gress Report, 1927e) There is appreaable 
field evidence to indicate that some animals 
continue to carry the virus for indefinite 
periods after recovery (Waldmann et at, 
1931, Traum, 1934, Fluckiger, 1943) 

Generally, all animals of a susceptible 
speaes in an exposed herd develop infec 
tion in time, but, under some circum 
stances, the rate of incidence is consider 
ably less than 100 per cent The possibility 
of mapparent infections should be con 
sidered, since sucli cases have been re 
ported 

CONTROL 

Preventive Measures 

The exclusion of animals of susceptible 
species and fresh chilled or frozen meats 
therefrom, and restrictions on animal prod 
ucts originating from infected countries 
constitute the most effective preventive 
measures that may be taken, especially in 
countries like the United States that are 
largely self sufficient insofar as livestock 
production is concerned Included among 
these prohibitions is garbage containing 
meats from ships and aircraft originating 
m foreign countries where TMD exists 
Some products considered to be potentially 
dangerous, such as hides, and animal cas 
mgs and glands, may be permitted entry 
into the United States but only under 
prescribed conditions whereby the prod 
ucts are processed under supervision at 
designated official establishments 

Special Actions Applicable to Epizootics 

In many countries, reporting of sucli dis 
cases as FMD is mandatory, and failure to 
do so IS punishable by fine or imprison 
ment Every livestockman and veterinarian, 
as well as oUiers, must be held respon 
siblc for immediately reporting anv illness 
in livestock suspected to be FMD Such re 


ports are to be made to the state or federal 
disease control officials in the state 

In addition to prompt imposition of ef 
fective quarantines and immediate es 
tablishment of inspection procedures for 
the purpose of checking all possible con 
tact herds the prompt disposal of infected 
and exposed animals and thorough clean 
mg and disinfection of affected premises 
constitute the chief means of combating 
the disease 

Up to tlie end of the first quarter of this 
century there were virtually only two im 
portant methods of control of FMD The 
first depended primarily on isolation 
quarantine, and disinfection the other in 
eluded these, plus the slaughter of infected 
and exposed animals In the 1920 s, the 
first method was supplemented in some 
European countries by the use of conva 
lescent or hyperimmune serum In most 
European countries there has been legal 
authority for slaughter of infected and ex 
posed animals if, in die opinion of those 
responsible for control of animal diseases 
such procedure is considered economically 
and otherwise practical and effective in 
each circumstance Slaughter has seldom 
been used however, in countries frequently 
subjected to epizootics, and with the m 
troduction of FMD vaccines many coun 
tries depend largely on such products for 
control of the disease 

Beginning willi die 1902 outbreak, the 
United States has used die stampingout or 
slaughter method of eradication Great 
Britain, Eire Norway, Canada, South 
Africa, the Rhodesias, Australia, and New 
Zealand also rely upon the slaughter 
method to eradicate the disease After a 
two year study in the British Isles and 
many other countries, die Departmental 
Committee on Foot and Mouth Disease 
(British Committee Report, 1954) ap 
pointed by Great Britain s Minister of Ag 
nculturc and Fisheries, stated in us report 

In die circumstances of today, and of die im 
mediate future, so far as dicy arc foreseeable 
iny idea diat it would be possible to do away 
widi stamping-out by making the whole susccji- 
itble animal population — or esen all cattle- 
immune by vaccination is in the realm of fan 
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1 per cent solution of NaOH at pH 13 4 
destroys the virus in less than 1 minute In 
practice, 2 per cent NaOH (pH 13 7) is 
generally used, if less than 1 per cent is 
employed, longer exposures are required 
Sodium carbonate m 4 to 5 per cent solu 
tions, depending on the number of mole 
cules of water in the chemicals used, has 
proved satisfactory where speed of action 
IS not urgent (British Progress Report, 
1931e, Trautwein and Reppin, 1928) 
Suspensions of infected bovine tongue epi 
thelium have been inactivated by exposure 
to ethylene oxide gas for a 4 hour period 
(Callis et alj 1937) Many new virucidal 
preparations are appearing on the market 
tlieir efficacy against FMDV remains to be 
determined 

Miik and Milk Products 

In milk and milk products, viability of 
FMDV depends generally on the degree 
and rate of acid formation as \veU as 
temperature (Trautwein, 1929, Waldmann 
and Nageb 1939, Terbruggen, 1932) 
Thus, m fresh unpasteunzed milk, at m 
cubator temperature (37® C ) the virus is 
destroyed within about 24 hours, at room 
temperature (18 to 20° C ) m about 6 
da)s, at refrigerator temperature (4 to 6° 
C) in approximately 12 days On Uic 
otiier hand, milk pasteurized or healed to 
higher temperatures and tlien artificially 
contaminated wiih virus may liarbor viable 
virus for 30 da)s at refrigerator tempera 
lure Virus persists longer m cream than 
m skimmed milk 

In butter made from sour cream, FMDV 
IS rapidly destroyed In salted butler made 
from sucet cream, it may remain viable 
for 11 da)s, in unsalicd butter, 8 da)s 

The products of cliecsc manufacturing, 
such as die uhey and residual curds frt 
(jucntl) fed to pigs, are dangerous since 
they are usually used soon after the) be 
come available Most types of cliecsc, when 
marketed, have undergone healing and 
ripening processes uiili sufficicni heat and 
shift in pH to the acid side to cause in 
activation of the virus 


Modes of Transmission 

Direct or indirect contact with infected 
animals or carcasses and organs, excretions 
and secretions of infected animals or con 
tact with contaminated objects or animals, 
especially man, may transmit iniection to 
susceptible animals Milk, creamery prod 
ucts, sera and other biologic products, 
pastures, barns, pens, stockyards, sale jards 
feed, garbage, railway cars, and trucks are 
included (Mohler, 1938, Trautwein, 1929, 
Waldmann and Nagel, 1939, British Com 
mittee Report, 1954) 

All outbreaks m die United States prior 
to 1902 were attributed to imports of cat 
tie from infected countries (Mohler, 
1938) The source of die 1902 outbreak 
was traced to a case near die Chclsei, iMas 
sadiusetts, docks, it being suspected Uut 
infection was introduced through foreign 
shipments, eidier by hay, straw, hahe«» 
ropes, hides, hair, or wool There was some 
evidence, however, diat the disease might 
liave been introduced dirough importa 
tion of vaccinia virus contaminated with 
FMDV, as was proved to be die case m 
the 1908 epizootic (Mohler and Rosens** 
1909) There were definite indications dial 
die 1914 outbreak, first discovered near 
NiJes, Michigan, began when hogs v'Ctc 
fed trimmings and offal from a packing 
house whidi Jiandled foreign meats (Moh 
ler, 1924). 

TJie outbreaks of 1921 and 1929 m Cab 
forma are attributed to hogs fed raw gar 
bage from vessels carrying meat stores ob- 
tallied in countries where FMD was en 
zootic (Mohler, 1938) TJie source of 
fcction in the Texas outbreaks of 1921 ami 
1925 IS unknown (Mohler, 1938) 

Bntisii audioriucs (British Comm'**®® 
Report, 1951) attribute primar) 
breaks from 1938 to 1953 to the foHowin» 
probable sources [caitng of si»dl 
bage), contact with iinjioricd meats am 
bones (odicr than swill) ind mfecic 
scrum, ami there « strong cirruim*^”'*^ 
evidence to indicate that migrations of 
lings from die continent of £urof>c 
have fH.en coniribulor> m some caws- 
510 ouilirciks during tins i>criod. ill 
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not as extensively vaccinated as cattle The 
vaccine most commonly used is that de 
veloped by Schmidt (1938) and Wald 
mann and Kobe (1938) (Waldmann and 
Nagel 1939, Galloway, 1954 Mohlmann 
1954, Camargo and Mott, 1953) This 
product consists essentially of aluminum 
hydroxide adsorbed virus inactivated by 
formaldehyde and incubation Variations 
of the Schmidt Waldmann vaccine have 
been used in various countries Generally 
virus for the vaccine is derived from the 
lingual epithelium of artificially inoculated 
cattle Frenkel (1951) has developed tech 
niques for propagation of the virus in 
freshly explanted tongue epithelium from 
normal slaughter cattle It is generally con 
sidered that vaccine produced with bovine 
tongue epithelium infected with bovine 
adapted virus does not produce satisfactory 
immunity m swine (Fogedby and Frenkel 
1947), however, when bovine adapted 
strains are adapted to hogs by repeated 
passages m this species and then injected 
into the tongue of susceptible cattle, such 
infected epithelium produces a vaccine 
which IS more satisfactory for immunizing 
swine and also suitable for cattle im 
raunization (Mohlmann, 1950) 

Another type of vaccine consists of whole 
blood of viremic animals treated wth 
crystal violet (Galloway, 1954) , as IS done 
m the production of C V hog cholera vac 
cine This type of FMDV vacane has 
proved to be effective but somewhat im 
practical and expensive to produce except 
on a limited scale Several other types of 
vaccine have been proposed and used to 
a limited extent in certain localities (Belin 
and Helm 1949. Thomas et ah 1952) 

In using vaccine, knowledge of tlie 
^ype of virus prevailing in the outbreak is 
essential In some areas, bivalent or in 
'al^ent vaccines have been used (Geiger, 
1951) There is some quesuon as to the 
elficacy of polyvalent vaccine, especiall) 


when more than two types of virus are 
used (Miclielsen, 1953) All vaccines should 
be critically tested to prove their innocmty 
as well as their potency 

Sera 

Passive munuiuty Hyperimmune serum 
or convalescent serum taken from animals 
in 2 to 4 weeks after onset of the disease, 
confers temporary passive immunity Such 
products were widely used m Europe in the 
middle and late 1920 s and are still used 
to some extent m South America As late 
as the 1937—38 outbreak of the disease in 
West Germany, there was a weekly pro 
duction of 40 000 to 50 000 liters of hyper 
immune serum (Loelfler and Uhlenhuth 
1901 Ernst, 1923 Waldmann and Nagel 
1939 Mohlmann, 1954) 

Import Restrictions 

In the United States import restrictions 
are formulated and administered by the 
Animal Inspection and Quarantine Div: 
Sion of the Agricultural Research Service 
US DA under the authority of Section 
306 (a) of the Tanfl Act of 1930 and die 
Acts of 1890 and 1903 The regulations ire 
subject to revision from time to time in ac 
cordance witJi requirements of changing 
conditions 

Generally, movements of people are re 
strictcd only in relation to quarantined 
areas and quarantined premises during an 
epizootic However, the baggage of all per 
sons entering die United States from 
countries v\hcre FMD and other exotic in 
fections are present is subject to close in 
spcction 

Public Health Aspects 
There have been very few scientifically 
autlicnucatcd cases of infection with FMD 
virus in man (Traum, 1951 Vcttcrlcin, 

1954) The disease in man has never be* 
come a public heilth problem 


BAauwai H L. BausE, S S Jr.. Caixu, J J, Hos, U R- asdIat^, R.E. lOj'a inaciua 
lion of loot and mouUi ducaie vini» by pll and taaperatuic change* and b> formalde 

diicase vims and kinetics of vmis icproducxion Virotog) l(.’) 
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tasy In present circumstances stamping out 
must continue to be the policy m Great Britain 

Other countries such as West Germany. 
Belgium, France, Italy, Spam, and most 
of the South American countries depend 
largely upon vaccination, Avhile Switzer 
land, Denmark, Holland, Sweden, and Fin* 
land, ivhen considering it appropriate, 
make use of stampmg-out methods as well 
as vaccination In all countries restrictions, 
quarantines, and sanitary measures are em 
ployed m varying extent 

5tamping*Out Method 

Briefly, the stamping out method consists 
of 

(1) Prompt slaughter and proper dis 
posal of animals infected with, or exposed 
to, FMD removes at once the greatest 
source of active virus and avoids the pos 
sibihty of carriers Slaughter and burial or 
maneration are carried out as rapidly after 
the establishment of a diagnosis as possible 
Under fa\orable circumstances m the 
United States, this has been, accomplished 
within a few hours after discovery of in 
fection Early discovery and diagnosis is 
paramount in prompt eradication of the 
disease 

(2) Thorough cleaning and disinfection 
of the affected premises and of materials 
possibly contaminated with virus removes 
and destroys the greater portion of what 
ever active virus may remain after proper 
burial or burning of slaughtered animals 

(3) Following an appropriate interval 
of time after disinfection of premises, test 
animals, including cattle and hogs, are 
placed to feed and graze and otherwise 
come in contact with all parts of the prem 
ises and objects which may have been con 
laminated with FMD virus Hogs are cs 
pecially desmable because of their rooting 
habits Occurrence of the disease in test 
animals reveals any virus tliat may have 
survived tlie cleaning and disinfecting pro 
cedures The effectiveness of these proce 
dures is shown by the records of some 5,000 
premises cleaned and disinfected in out 
breaks in this country since 1902 (Traum, 
1934 ) There were only H instances in tlie 
19H-1G outbreak and only 2 in the Cali 


forma outbreak of 1924-25 where infection 
developed in test animals after cleamng 
and disinfection, or only 0 3 per cent. 
These were detected by the test animals 
before complete restocking had been per 
muted (Mohler and Traum, 1942, Traum, 
1934, British Committee Report, 1954) 

(4) Authority for quarantine of affected 
premises rests primarily with die officials 
of the state, aldiough affected areas or en 
tire states may be subjected to quarantine 
by die federal government 

The area surrounding the infected prem 
ises within a distance of 5 to 50 miles or 
more, depending upon circumstances 
should be quarantined immediately, pend 
ing close inspection of all contact premises 
and elimination of die infection wherever 
found 

(5) Complete isolation of infected 
premises, with prohibition of traffic there 
from pending disposal of animals, disin 
fecuon, and testing of the premises, is the 
first requirement in combating FMD 

(6) Inspections are usually systematized 
and coordinated among federal, state, and 
other local authorities 

(7) Cleaning and disinfection proce- 
dures are carried out under direct official 
supervision of state and federal animal 
disease eradication and control personnel 
(USD A, 1943) 

(8) Indemnities provided by die federal 
and state governments are paid to ovmers 
of animals or property destroyed m die 
course of eradicating FMD 

(9) Insofar as is known, FMD is not 
transmitted by insect vectors (British Pro 
gress Report, 1937a), nor has diere been 
evidence in the course of past epizootics 
in die United States to indicate that birds 
were an important factor in dissemination 
of the disease People, dogs, cats, faim an 
Wild animals, and V’ehides that may act, 
directly or indirectly, as mcclianical trans 
mitters of the virus are subject to close 
control m quarantine areas 

Vaccines 

Active immunity. This is an 
tool for control of die disease m 
countries where it is enzootic, but hog 
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Medical Research Pseudorabies (Aujeszky^s Disease, 

lUad Itch, Infectious Bulbar Paralysis) 


Pseudorabies is an acute infectious dis 
ease caused by a filtrable virus In cattle, 
cats and dogs, it is characterized by a 
marked local pruniis and an invariably 
fatal termination In swine there is no 
pruritis and the clinical seventy of the dis 
ease is extremely variable Porcine pseudo- 
rabies IS of veterinary importance from 
two rather different standpoints First 
the disease itself may be of serious im 
portance in young pigs, though a very 
minor clinical ailment in older swine 
Secondly, swine appear to play a major 
role m the epidemiology of pseudorabies in 
cattle and, as will be discussed more fully 
later, older swine, subclinically infected 
with pseudorabies, are tlie probable source 
from which cattle acquire their fatal in 
fections 

history 

Pseudorabies has occurred in the United 
States for many years and Hansons (1954) 
account of the history of die disease fur 
lushes an excellent record of its early preva 
lence here There is evidence that it pre- 
vailed at least as early as 1813 in Ohio 
The disease was referred to as mad itch ' 
in the early American literature, and diis 
designation has persisted up to the present 
time in popular parlance 

Aujeszky (1902), working in Hungary, 
"as die first to describe die disease in the 
scientific literature He observed its nat 
Ural occurrence in catde, cats, and dogs. 


and transmitted the virus experimentally 
to rabbits He had initially suspected diat 
the condition was rabies but the behavior 
of Its causative agent in rabbits dearly 
differentiated u from this disease and 
Aujeszky, therefore, described it as a new 
infectious disease of domestic animals The 
resemblance of certain clinical aspects of 
the disease to those seen in rabies led to 
Its designauon as pseudorabies 
Aujeszky made a diorough study of the 
causative agent of pseudorabies m experi 
mentally infected rabbits guinea pigs and 
mice He observed that it was present not 
only in the central nervous system but in 
the blood as well, that it remained viable 
in glycerol for relatively long periods of 
time, and that it could be inactivated by 
phenol or heating He was unable to filter 
the agent through bacterial filters It re 
mained for Schmiedhoffer (1910) and 
Sangiorgi (1914) to demonstrate tiie fil 
trability of the pseudorabies virus 
Shope (1931) established that mad 
Itch occurring in cattle in Iowa was the 
same as tiie disease tliat Aujeszky had 
described and that tlie mad itcii virus 
rvas inununologically identical witli Au 
jeszkys Hungarian strain of pseudorabies 
virus 

ETIOLOGY 

The virus whicli causes jiseudorabies is 
about 100 in^ in diameter and readily 
(iltrablc ilirough either Bcrkcfcld or 


[ 21»1 



218 


Section n VIRAL DISEASES 


\ 


Ricx, C E AND Boulanger P 1953 The use of direct and indirect complement Bxation tests 
for the demonstration of antibodies for vesicular viruses in cattle Proc 90th Ann Meet 
Amer VeL Med Assn, p 169 

AND Brooksbv, J B 1953 Studies of the complement fixation reaction in virus systems 

V In foot and mouth disease using direct and indirect methods Jour Immun 71 300 

AND Boulanger P 1953 The indirect complement fixation test in the detection 

of antibody in antiviral sera 6lh Cong Internat di Microbiol 2 (Sec 6-7) 196 
SaiMiDT S 1938 Adsorption von Maul und Klauenseuchevirus an AIummumh)droxyd unier 
besonderer Berucksichtigung der unmunisierenden Eigenschaften der Virus adsorbate 
Zeitschr Imraumtatsf 92 392 

Seddon H R 1953 Foot and Mouth disease, diseases of domestic animals m Australia Ser Pub 
Div Vet Hyg Part 4 

Sellers, R F 1955 Growth and titration of the viruses of foot and mouth disease and vesicular 
stomatitis in kidney monolajer tissue culture Nature London 176 4481 547 
Shahan, M S 1954 Present situation on foot and mouth disease Military Surgeon 114 444 
Skinner, H H 1951 Propagation of strains of foot and mouth disease virus m unweaned white 
mice Proc Roy Soc Med 44 KM 

1955 One iveek old mice as test animals in foot and mouth disease research Proc ]5lh 

Internal VeL Cong 1 195 

1954 Infection of chickens and dud: embryos with the viruses of foot and mouth disease 

and vescular stomatitis Nature London 174 1052 
Stockman, S and Minett, F E 1926 Experiments on foot and mouth disease Jour Comp 
Path and Thcrap 39 231 

Terbruccen, F 1932 fiber die Haltbarkeit des Maul und Klauenseuchevirus in Milch und 
Molkereiprodukten Deutsch iierant! Wschr 40 129 529 
Thomas J A Tiii£ry, J P Salomon, L and Salomon L 1952 La culture du virus de la 
fi4vte aphteuse en lr4s grande quaniiti sur embryoroe sp^afique g4ant chez la \ ache C R 
Acad Sa Pans 235 520 

Traus £ AND Mohlmann, H 1943 Typesbestunmung bei Maul und Klauenseuche nut 
Komplementbindungsprobe Zeniralbl f Bake I Abt Orig 150 289 

AND Schneider B 1948 Ztichtuog des Virus der Maul und Klauenseuche im bebri teten 

Huhnerei Zeitschr f Naturf (B) 3 178 

Traum, J 1934 Foot and mouth disease Speafic treatment eradication and difTerential diag 
nosis 12th Internat Vet Cong Proc p 87 

- 1951 Foot and Mouth Bisease In Ceal and Loeb Textbook of Medinne 8th ed W B 
Saunders Co Philadelphia p 49 

Trautwein, K 1925 Zur Frage der Einschlusskoiperchen bei Maul und Klauenseuche Arch 
wiss parkc Tierheilk 52 475 

- ^*929 Maul und Klauenseuclie Ergeb Hyg Bakl Immunitatsforsch u Exper Therap 

— ' AND Reppin, k 1928 Vcxsuche zur Dismfektion faei Maul und klauenseuche mit schiic- 
fliger Saure sowie mit Natronlauge Arch f Tierheilk 58 96 
US DA 1926 Foot and Mouth Disease Circ. No 400 

1943 Instniclions for employees engaged in eradicaling fool and mouth disease 

DjV Release 1947 Summary developmenU m the Mexian outbreak of foot and mouth 
disease Jan 28 1947 

- 1953 No 1279-53 May 28 1953 

1954a No 999-54 April 14 19o4 

- 1954b No 3219-54 Deceinber22 1951 

VALiiR H AND CarrI, H 1922 Sur la pluralild du virus aphteux C R Acad Sa Pans 
174 (11) 1498 

Vettirlein 4V 1954 Das klmiscbe biJd der Maul und klaucnseudic beim Mcnsclien RUf 
gcstcllt aus den bislicr experimcnlell gcsichertcn Erkrankungen Arcli f Exper Vcicr 
manned 8 (5) 541-4 

Wacener, k 1928 Jauclic und Jauchebcseitigung und dire hygienische Bcdcutung fur die 
BekSmpfung der Maul und Klauenseuche Ardi wiss prakt Tierheilk 58 247 
Waldmavv, O 1930 fiber Maul und Klauenseuche Proc. 11th Inteniat Vet Cong 2 37 

AND KbBE, K 1938 Die aklivc Immunisicrung des Rindcs gegen Maul und Klaucnscuciic. 

3rd Internat Cong Microbiol Rep Proc, 193<M0 p 360 
and Nagel, H C 1939 Die Maul und Klaucnseudic Handbudi der Viruskrankhcitcn 


Gustav Fischer Jena 1 385 

AM, Pape J 1920 Die kflnsilJdw Oberiragung tier Maul 

Meerschwemthen Berl ticrantl 4Vsdir 36 519 
and 1921 Expcnmcntelle Untcnuchoiigcn Ober Maul 


ujid Klaucnseudic auf das 
und Klaucnseudic Be*' 


licrarzd Wsclir 37 349 449 „ , , » » viiul 

— AND Trautiiein, K- 1926 Expenmcntdle Untenudiungcn Qber die Pluraliial dci viaui 
und Klauenscudievirus. Berl ticrJml 4Vschr 42 569 turner 

Q 1931 Die Peisistcnz des Maul und Klaiicnscudicsirui mi Noil'll 
durdiseuclitcr Tierc imd seme Ausscbeidung ZcniTalW f Bakl 1 Abt Oiig 121 1 



221 


Chapter 13 PSEUDORABIES R. E Shope 


ihc brains of animals from both the Me 
Nutt and the Ray outbreaks 

\ccounts of tlie clinical signs exhibited 
by babj pigs suffering from pseudorabics 
are numerous in tlie foreign literature and 
excellent descriptions ha\e been gi\cn by 
Hire (1935), Lazio (1938), Lamont and 
Shanks (1939), Carneiro and Cardim 
(1917), and Gordon and Luke (1955) 
One of die most complete of diese is die 
account given by Gordon and Luke 
(1955) of the disease on a farm m North 
ern Ireland and I shall quote from dieir 
published description of the clinical pic 
ture of pseudorabics as diey saw it among 
)oung pigs on this farm 

The disease affected piglets from a few davs 
old up to four weeks In general die )oung 
er the pigs at the onset of symptoms the more 
widespread was die resultant clinical disease in 
the litter In all cases the onset was usually 
sudden and in many instances the whole Jitter 
became affected and died widim -IS hours 
Among some of the older litters one or two pig 
lets remained apparendy healthy and survived 
while the remainder of die litter died 

In the older pigs there were clear cue s)mp 
toms of involvement of die nervous s>stcm, 
there was a degree of incoordination affecting 
usually the hind quarters and piglets thus of 
fected tended to move sidewa)s This inco 
ordination progressed rapidly and complete 
paral)sis soon supervened though m a few 
cases periods of remission in die seventy of die 
S)inptoms were seen Spasmodic twitching of 
groups of muscles paddling movements and 
fine muscular tremors were all cxliibited m 
var)ing severity by affected piglets Convulsive 
fits were seen but not commonly and a lend 
ency to carry the head to one side developed 
in some animals In the )Ounger pigs the symp 
lomatology was more confused and distinct 
nervous symptoms were not always apparent 
There was a tendency for sucli )oung pigs to 
stand with their backs arched and the ears 
flattened along the sides of the neck The coat 
lost Its sleek appearance and the hair tended 
to stand on end 

Many of the affected pigs developed snoring 
respirations with marked abdominal tjpe of 
breathing This respiratory distress was not 
associated with any evidence of pneumonia 
postmortem and probably indicated involve 
ment m the disease process of die respiratory 
centre in the brain Some of die affected pigs 
showed signs of slight ocular discharge Some 
surprising recoveries were recorded even in pigs 


raraplctely panl)scd In die final stages af 
mcicd pigs tended to creep into corners avvay 
from the rest of the litter The temperature of 
affected pigs varied greatly, up to 106"F being 
recorded in a few cases but m most sick pigs 
It was within normal limits or raised a degree 
or two Many badly affected pigs had sub 
normal temperatures There was evidence, how 
ever that a temperature reaction preceded the 
onset of clinical disease The weaned pigs m 
the same house widi the recently fariowea sows 
and their litters at no time showed any evi 
dence of a sickness even though heavy losses 
were taking place in die young piglets 

Pseudonbies as it occurs naturally in 
older swine m tlie United States is a 'si 
lent subclinical infection Affected am 
mals are not noticed by their owners to 
be ill It IS of veterinary importance 
largely from the standpoint of die role 
that infected swine play in the transrais 
Sion of pseudorabies virus to cattle The 
disease also appears to be extremely mild 
in older pigs in Brazil (Carneiro 1941) 
and in Nordiern Ireland (Lamont, 1946) 
Under experimental conditions in die 
laboratory, swine 7 weeks of age or older 
can be infected with pseudorabies virus 
when inoculated subcutaneously, intra 
inuscularJy, intranasally, intracerebrally, or 
when fed (Shope, 1935a) Fatal infections 
have, however, been regularly produced 
only m intracerebrally inoculated swine, 
deadi occurring in from 36 to 96 hours 
witli signs indicative of an encephalitis 
Administration of virus by all odier routes 
has resulted in a more or less mild disease 
and, among 44 swine infected by ways 
other dian intracerebral, no fatal cases 
have resulted and none have been seriously 
ill 

The salient clinical featuie of swine 
pseudorabies induced by subcutaneous in 
oculation is a febrile reaction of variable 
duration (1 to 8 days) during which the 
animals exhibit a transient depression and 
inappetence Infection by routes other 
than subcutaneous results m a similar 
clinical picture widi but minor variations 
Perhaps die most significant variation 
from a practical standpoint, is to be seen 
in animals to vvhidi virus is administered 
intramuscularly in the ham or deep m die 
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Chamberland candles when adequate care 
IS taken to clarify the infectious suspension 
of gross debris before filtration It can be 
inactivated by heat, formaldehyde, or ul 
traviolet light, though it is relatively re 
sistant to the action of phenol Braga and 
Faria (1934) found that the virus still 
showed some infectivity after 40 days’ ex 
posure to 3 per cent phenol, and Koves 
and Hirt (1934) stated that filtiates of 
the virus were still virulent after 32 days’ 
exposure to 0 5 per cent phenol This rel 
ative resistance of pseudorabies virus to 
phenol IS important m hog cholera im 
munization since the pseudorabies virus 
may occasionally be present as a contami 
nant of commercial hog cholera virus and 
not be inactivated by the phenol present 
in this product ^Vhen tins happens, swine 
that are vaccinated with the contaminated 
hog cholera preparation develop pseudo 
rabies, a disease of some consequence in 
young pigs, as will be pointed out later m 
tins chapter Cases of suspected accidental 
infection of swine with pseudorabies 
through the medium of contaminated hog 
cholera biological products have been re 
ported by Burggraaf and Lourens (1932) 
in Holland, Koves and Hirt (1934) m 
Hungary, and by McNutt and Alice (1942) 
and McNutt and Packer (1943) in die 
United Slates 

Pseudorabies virus was first cultivated 
by Traub (1933) in rabbit testicle, guinea 
pig testicle, and chick embryo media La 
ter Glover (1939), Burnet et al (1939), 
and Bang (1942) grew it on the diono 
allantoic membrane of the developing egg 
BcUdi and Szollosy (1955) observed that 
m monolayer cluck-embryo cell tissue cul 
tures, pscudorabics virus produced circum 
scribed plaques m proportion to the titer 
of virus infecting Uic cultures ind that 
plaque counts could, diereforc, be used in 
determining the number of infective parti 
cles m a virus suspension 

Pseudorabies virus has been observed by 
many invcstigatois as a cause of clinical 
illness under natural conditions in catde 
cals dof^s, horses, rats and swine E\ 
peri’mentall) it is fatally pathogenic for 


rabbits, guinea pigs, mice and, when given 
cerebrally, chickens and ducks 

CLINICAL SIGNS 

Pseudorabies occurs as a clinically ap 
patent disease among swine in die United 
States only in young animals Older am 
mals, though highly susceptible to the 
virus, undergo an inapparent ‘silent m 
fection and are ordinarily not observed to 
be ill To judge from reports in the liiei 
aiure porcine pseudorabies is of consider 
ably more veterinary iwporiince in die 
Old World than it is m either the United 
States or in Soutli American countries 
In Northern Ireland and in parts of Eu 
rope, especially in Russia and m the 
Balkan countries, pseudorabies in young 
pigs IS a highly fatal and quite widch 
prevalent m£eciion and the disease, even 
m older animals, is associated with clinical 
illness and some mortality 

So far as 1 am atv^are, only two naturall) 
occurring outbreaks of porcine pseudon 
bies have been observed in the United 
States (Ray, 1913 McNutt and Packer 
1913) In both of these incidents, onlj 
young pigs were involved In one of the 
outbreaks (McNutt and Packer, 1943), lO"! 
out of 176 baby pigs succumbed of tlic 
disease Dr McNutt has told me (persoinl 
communication) tliat newborn ptgs die 
very rapidly of pseudorabies, passing from 
apparent normalcy to coma in less than 
an hour, and dying a hours after the) 
become comatose In very young pigs* 
distinct signs of central nervous system m 
volveinent are not seen 

The other outbreak, described by Ri' 
(1943) had killed 81 out of 190 pigs, diat 
were 1 to 2 weeks of age, at die tunc Dr 
Rays observations were made Three sick 
animals from die group v\ere carefully oh 
served One of these, less seveiely ilfecicd 
showed incoordination and cxcitabiht' 
This animal improved gradually, "Uid ap 
pareiuly recovered comiilcicly m a 
days Ihc odicr two baby pigs cxlubucu 
a progressive paralysis, were excitable am 
fin illy became prostrate and died Pseudo 
rabies virus was demonstrably present m 
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axillary space On the 3rd to the 5th day 
following infection, such swine develop a 
transient or permanent flaccid paralysis of 
the inoculated leg Aside from the paraly 
SIS, the disease seen m these swine is simi 
lar to that exhibited by subcutaneously in 
fected animals 

In connection with the paral)sis caused 
by injection of pseudorabies virus into the 
ham or axilla, McNutt and Alice (1942) 
and Md'Jutt and Packer (1943) observed 
paralysis in large numbers of swine to 
which a serial of commercial hog cholera 
virus contaminated with pseudorabies 
virus, had been given in die process of 
immunization against hog cholera 

Pseudorabies, relatively, is a highly con 
tagious disease in swine, both in the field 
and under laboratory conditions The 
incubation period on pen exposure vanes 
from 3 to 11 days, depending upon the 
stage of the disease in the infected animal 
when the normal animal is placed in the 
pen The contact disease is mild and in 
definite like diac induced by subcutaneous 
inoculation, and animals infected by ex 
posure are never seriously ill Virus spreads 
from pig to pig, probably by way of the 
nose Virus is demonstrably present in the 
noses of contact infected swine for variable 
lengths of time, from as short a period 
as 2 da)S to as long as 11 days Typical 
contact experiments are depicted in Table 
13 1 

The field disease as it occurs under 
natural conditions in the United States in 
pigs of weanling age or older is apparently 
like that just described for swine infected 
by contact under experimental conditions 
— mild and ordinarily not recognized 
clinically It remains unrecognized in its 
swine host and its presence m a community 
becomes known only when the virus 
spreads from its “silent ' porane host to 
cattle in which a uniformly fatal pseudo- 
rabies results (Shope, 19353, Carneiro, 
1939) 

The determination of the incidence of 
pseudorabies virus neutralizing antibodies 


m sera collected from swine m the mid 
western United States indicates that por 
cine pseudorabies is prevalent in that re 
gion to a startling extent (Shope, 1935b), 
even tliough seldom recognized clinically 
A similar situation has been described by 
Carneiro (1941) and Carneiro and Cardim 
(1947) as prevailing in parts of Brazil 
where serological surveys of swine sera have 
revealed a high incidence of pseudorabies 
virus neutralizing antibodies, indicating a 
widespread prevalence of unrecognized por 
cine pseudorabies m that country also 

Table 13 2 gives the results of pseudo 
rabies virus neutralizing antibody deter 
minations on 23 different serials of com 
mercial anti hog cholera serum randomly 
selected from that being used by veterinary 
practitioners m eastern Iowa The higb 
incidence of antibodies found is indicative 
of the widespread prevalence of unrecog 
nized porcine pseudorabies in the Mid 
west 

Though pseudorabies does not appear 
to be a clinically recognized disease m 
adult swine in the United States, die same 
statement cannot be made about its mam 
festations in certain European countries 
Burggraaf and Lourens (1932) described 
an outbreak of pseudorabies in Holland 
in a drove of 600 to 700 swine, in which 
the disease, while benign and ill defined m 
most animals, was nevertheless character 
ized by epistaxis, vomition, and nervous 
symptoms in the more severely affecteu 
hogs Nearly all eventually recovaed 
Those that died apparently succumbed m 
convulsions, some showing a hemorrhagic 
enteritis at death Koves and Hirt (19 j ) 
have indicated tliat pseudorabies in 
gary is a major problem among swine T m 
disease they have described as resulting 
from infection witli die pseudorabies virus 
appears to resemble somewhat our swine 
influenza The illness is usually ushered m 
by a fever of up to 106° F , die animals oc 
come weak, their lust for food is dimm 
ishcd, and many of diem vomit. ^i°* 
cases recover in a day or tv>o, but som 
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progress and present evidence of lung in 
volvement Diarrhea is stated to be com 
mon A small percentage of the infected 
swine develop signs referable to the cen 
tral nervous system They become listless 
tremble, some have convulsions, and pa 
ralysis may supervene Some of the animals 
salivate The swine that eventually sue 
cumb usually show marked signs of cen 
tral nervous system involvement Itching 
and biting at localized areas has not been 
observed in swine in Hungarian outbreaks 
Uzlova (1955) has described outbreaks of 
pseudorabies in adult swine in Russia, m 
which the symptoms were very similar to 
those outlined for Hungarian outbreaks of 
the disease 

There is no apparent reason to explain 
why a more severe type of swine pseudo 
rabies is seen in European countries than 
m the United States Variations in hus 
bandry and feeding practices perhaps may 
account for some of the difference Also 
It may be possible that we are not recog 
nizing the identity of all of our outbreaks 
of porcine pseudorabies, or are confusing 
them with odier conditions 

PATHOLOGICAL CHANGES 

Porcine pseudorabies presents almost 
nothing to see grossly at necropsy Koves 
and Hirt (1934) described secondary Je 
sions m the throat resulting from paraly 
sis of the pharynx and observed pulmonary 
edema to be common m fatal adult cases 
They also described lesions in the gasiro 
intestinal tract, largely inflammatory, but 
sometimes of such extent as to result iii 
massive erosion of the intestinal mucous 
membrane with croupous exudates overly 
ing the eroded areas None of the investi 
gators who have observed fatal cases of 
pseudorabics in baby pigs have described 
the gross pathology, tlius it may be as 
sumed that in sudi animals tlieie is no 
grosslj evident patliology to see at necropsj 

HISTOPATHOLOGY 

The hisiopaihology of porcine pseudo 
rabies has been described by Hurst (1933) 


and Hirt (1936) Hurst, studying swine 
that had been inoculated intracerebrally 
with virus, noted meningitis, perivascular 
infiltranon often associated with diffuse 
proliferation of microglial cells in the sui 
rounding tissues and microglial prohfei 
ation and cellular infiltration in the super 
ficiai cortical zone immediately beneath 
the pia arachnoid as salient findings Nerve 
cell clianges were slight and only in the 
densest tissue foci did some neurons mam 
feet severe degenerative phenomena cul 
minaung in deatli and neuronophagia 
Hurst could find no nuclear inclusions in 
porcine pseudorabies despite the fact that 
such inclusions are present in the cells of 
the nervous tissue in all other species of 
animals with pseudorabies Hirt studied 
material from baby pigs as well as adult 
swine and remarked that a non purulent 
meningo encephalitis w'lth perivascular in 
filtration was common Like Hurst he 
could demonstrate no cell inclusions From 
Hirts description, it may be gathered that 
nerve cell damage is somewhat greater in 
young pigs than was found by Hurst in 
older animals, since Hirt refers to a pro- 
nounced neuronophagia and marked glial 
proliferation m the ventral horns of tlie 
gray matter of the cord 

DIAGNOSIS 

A disease showing clinical signs as rarely 
as does porcine pseudorabies should be 
well down on tlie list of suspected coiidi 
tions that one would have to consider in 
observing a drove of sick swine However, 
it should be suspected in any instance in 
which newborn or young swine sicken 
rapidly, and die cither in coma or vMih 
cenimi nervous system signs The diag 
nosis can be established and verified easily 
and rapidly by die injection of rabbits 
subaitaneously witli brain ascptically ol> 
tamed from the dead baby pig The brain 
should be prepared m approximaicly 10 
jjcr cent suspension in sterile physiological 
saline and injected in 1 or 2 ml amounts 
subcutaneously into the test rabbits If 
pseudorabics virus is present, the inocu 



TABLE 13 2 

Neutralization of Pseudorabies Virus bv CouiiERaAL Anti*Hoo Cholera Sera 


Anti-Hog Cholera 

Serum Sample 

Number of Swmc Represented 
in Sample 

Results With Different Amounts of Scrum 
Mixed With 100 mg of Pscudorabies Virus 
and Administered Subcutaneously to 
Guinea Pigs 

1 0 cc 

0 1 cc 

1 

50 

No illness • 

Died — 58 hrs 

2 

146 

No illness 

No illness 

3 

152 

No illness 

Died — 95 hrs 

4 

151 

No illness 

No illness 

5 

150 

No illness 

No illness 

6 

148 

No illness 

Died — 73 hrs 

7 

48 

No illness 

Died — 104 hrs 

8 

158 

No illness 

No illness 

9 

no 

Died — 95 hrs 


10 

170 

No illness 

No illness 

11 

103 


No illness 

12 

100 

! No illness 

No illness 

13 

129 


No illness 

14 

169 


No illness 

15 

106 


Died— 70 hrs 

16 

165 

No illness 

Died— 91 hrs 

17 

> 



18 

•> 

No illness 


19 

85 


No illness 

20 

152 


Died— 84 hrs 

21 

103 


Died— 68 hrs 

22 

126 


No illness 

23 

> 

No illness 

No illness 


Control Seraf 


Swine 1237 } 


Died — 63 hrs 

Swine 1237 


Died— 61 hrs 

Swine 1237 


Died— 70 hrs 

Swine 1444 

Died — 64 hrs 


Swine 1444 

Died — 63 hrs 


Swine 1444 

Died— 73 hrs 


Swine 1449 

Died — 58 hrs 


Swine 1449 

Died — ^70 hrs 


Swine 1229 

Died — 95 hrs 


Swine 1229 

Died — -70 hrs 


Swine 1446 

Died — 58 hrs 


Swiac 1446 

Died — 70 hrs 

. 


* Failure of 1 0 cc. of scrum to neutralize the pscudorabies virus indicates that the group of swine furnishin| 
the scrum either had been entirely free of pscudorabies or that the incidence in the group had been less than a 
per cent (samples 9 and 17) , , .n<i-u> 

Neutralization of the virus by 1 Occ but not by 01 cc of serum is interpreted as mdicatmg a previous 

durables infccUon mvohing at least 5 per cent of the swine supplying the serum (samples 1, 3, 6, 7, 15, 10, i . 

^cu^alizaUon of the smis by both 1 0 and 0 1 cc amounts of serum is mferpreted as indicating a prcvnoi« 
pscudorabies infecUon of upwards of 50 per cent in the group of swine furnishing the scrum (remauung 

sampl«)^ per cent phenol was added to all control sera to make them comparable to the commcraal anu hog 

cholc^^ swine furnishing control sera were from Institute stock 
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reservoir from vvhicli associated cattle are 
infected Since the disease m cattle, in 
contrast to tliat in swine, is uniformly fatal, 
the presence of a pseudorabies virus in 
fection m swine that are following cattle 
can be disastrous for tlie associated cattle 
Because of this definite association, cattle 
should be removed from contact vvitli any 
swine drove m whicli pseudorabies is sus 
peeled Furthermore, m tlie event tliat 
pseudorabies occurs in cattle that are run 
ning witli swine, the very first precaution 
ary step to be taken in order to limit tlie 
spread of the disease among the cattle is 
to remove them from all contact with those 
swine 


RABIES IN SWINE 

True rabies in swine, to judge from the 
paucity of literature on the subject, ap 
pears to be a rather rare condition Swine 
are susceptible, however, to infection with 
the rabies virus When infected, they show 
a clinical picture similar to that of rabies 
in other animals Intense exatement, fol 
lowed by weakness and, eventually, paraly 
SIS, usually precedes death in porane 
rabies The incidence of rabies in swine 
m the United States is much lower than 
in dogs, for instance, for the years 1952 
and 1953, when there were approximately 
11,000 cases of rabies in dogs, there were 
only 70 cases in swine 
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lated rabbits will begin biting and scratcli 
mg at the site of inoculation within 48 to 
72 hours, and will ordinarily be dead 
within 24 to 36 hours of the time they 
began itclimg Necropsy of such test ani- 
mals will reveal a raw, bloody, denuded 
area of skin at the site of injection Pseudo 
rabies virus will be present in the brains 
of such rabbits and can be passed serially 
m this host using brain as the inoculum 

IMMUNITY 

Swine acquire a solid immunity follow 
ing infection with pseudorabies virus, and 
specific virus neutralizing antibodies appear 
in their blood serum upon recovery As 
mentioned earlier, most serials of hog 
cholera hyperimmune serum produced m 
the midwestern United States contain 
neutralizing antibodies for the pseudora 
bies virus due to the fact that donors of 
such serum have earlier undergone an at 
tack of pseudorabies 

Pseudorabies in swine is of such minor 
importance in this country that no effort 
has been made to develop an immunizing 
product However, in Russia and the 
Balkans, where the disease is apparently of 
greater importance, several vaccines have 
been prepared and used Among these, 
Belddi and Ivdnovics (1954) spoke of the 
use of a pseudorabies vaccine in whicli the 
virus had been inactivated by ultraviolet 
light Popovici el al (1955) have used a 
vacane comprised of virus from die brains 
of infected sheep adsorbed on aluminum 
hjdroxide 

TREATMENT 

There is no known specific treatment 
for pseudorabies Since the disease is con 
tagious in swine, isolation of sick and 
knoun infected animals should be practiced 
vs here possible 

EPIZOOTIOLOGY AND CONTROL 

A disease as highly contagious for swmc 
as pscudorabies may be expected to spread 
dirough a drove by contact of sick aniiinls 


with normal animals How die virus tides 
over between outbreaks and how it is 
spread from farm to farm are not known 
A number of investigators have hypothe 
sized diat infected rats may be responsible 
for carrying the disease from one farm to 
another, but evidence for this is not ver) 
convincing 

It seems most likely that the extremely 
low incidence of pseudorabies m baby 
pigs in the United States may be the direct 
result of the very high incidence of m 
fecuon of swine herds here Most adult 
swine on middle western farms, to judge 
from the high incidence of neutralizing 
antibodies found in the serum of such am 
mals, are immune by virtue of previous 
infection with the virus The offspring of 
immune sows would be expected to acquire 
sufficient passive protection from tlieir 
mothers to protect them during die period 
when they are most highly susceptible to 
fatal infection The baby pigs that do 
come down widi pseudorabics and suffer 
fatal infections must be those from roodicrs 
who themselves are still suscepuble to m 
fection Hence, clinically apparent out 
breaks of pseudorabies m newborn pigs 
might be visualized as the result of the 
introduction of die virus into a fully sus 
ceptible drove of swine at about die tune 
that farrowing was taking place Under 
such circumstances, die sows and die older 
pigs on die place would be expected to 
undergo a mild subclmical pseudorabies 
infccuon and probably serve as the source 
of infection for die newborn baby p'gs. 
whidi, because of dieir age, would undergo 
a cliiucally more severe and fatal 'nn* 
infection The extremely low incidence of 
pscudorabies in baby pigs in the United 
States suggests strongly dial sucli ejudeniic 
situations seldom occur here 

As mentioned earlier, one of die most 
important features of porcine pseudorabics 
as u occurs in die United States, concerns 
die role diat swine play in die cpidouii 
ology of die disease m cattle It seems 
most likely that swine serve as die virus 
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Porcine Encephalomyelitis 
(Teschen Disease) 


This specific viral infection of the central 
nervous system of swine \\as first recog 
nized m the region of Tcschen, Czecho 
Slovakia, from which comes us common 
name Other synonyms are encephalo 
myelitis enzootica suum, poliomyelitis of 
swine, Bohemian pest, meningo encephalo 
myelitis suum Tesehener Krankheit, an 
stecketide Schwetnelahmttng, and meningo 
enciphalomyelite enzootique du pore 
Trefiny described and named the disease in 
1929, but It IS possible that Klobuk may 
have observed cases in Moravia as early 
as 1913 (Kaplan and Meranze, 1948) The 
disease is still enzootic in Czechoslovakia 
and has been reported in central and 
western Europe on numerous occasions 
Severe outbreaks have appeared in Mada 
gascar (Pilet, 1952) The disease is not 
known to occur in the Western Herai 
sphere 

etiology 

The virus of Tesdien disease is found 
during the course of the disease in tlie 
brain and spinal cord, it may appear in 
the feces and, transiently, in the blood 
It IS rarely found elsewhere The virus 
IS quite resistant to drying but is de 
stroyed by heating at 60° C for 20 minutes 
or at 70° C m 30 minutes The agent 
being one of the smaller viruses is filtrable 

• Formerly ivith Armeil Forces Institute o£ Path 
ology t\ashingioii D C 


through Berkefeld N, V, and W filters 
Ultrafiltration experiments (Patocka et 
1952) indicate Uie size of the virus particle 
to be about 25 m^r The virus is active 
at pH 2 5 to IS, but increased virulence is 
reported at pH 8 to II The virus is not 
affected by suspension in ether It does 
not infect species other than swine as far 
as 1 $ known, neither does it grow m de 
veloping chick embryos, but it has be^ri 
reported to multiply and produce cyto 
pathogenic effects in cultures of embryonic 
swine tissues (Larski 1955, Mayr and 
Schwobel, 1956) The virus readily prP 
duces infection after intracerebral inocd 
lation, less reliably following intranasal or 
intraperitoneal injection, but does not tC 
suit in disease after intravenous injection 
The virus of Teschen disease does not 
have die property of hemagglutination 
(Nani et al , 1955b) 

CLINICAL FEATURES 

The incubation period following experi 
mental exposuie to the virus by intra 
cerebral or intranasal routes averages 
about 6 days but may range from 4 to 28 
days, depending upon tlie amount of virus 
given The incubation period after natural 
exposure is not well documented but pre 
sumabl) falls witliin die time limits ob 
served in experimental infection 

In swine populations whidi Jiavc not 
been previously exposed to the virus, the 

[ 22 ?] 
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temion of the pathologist are the neufo* 
nophagic nodules evident in the gray mat- 
ter. These nodules are made up of dense 
or loose aggregations of cells whicli can he 
detected under low magnification (Figs. 
14.1, 14.2). The cells which make up 
these nodules have round to ovoid nuclei 
which are either finely or densely slipplfd 
with cliromatin. The cytoplasm is indis- 
tinct in most of them when stained hy 
Nissl's method, but a hemato.xylin and 
eosin stain sometimes brings out a cell 
membrane which makes each cell appear 
distaexe. In many cells the cytoplasm sn^\ 
cannot be distinguished, even in hema- 
toxylin and eosin preparations. 

The presence of partially phagocytizcd 
fragments of neurons in the center of sorU^ 
of Utese collections of cells clearly estab- 
lishes them as neuronophagic nodules. Jn 
many such nodules, however, the relation- 
ship to necrotic neurons is not clearly evi- 
dent, prompting some writers to refer tu 
them simply as “cell nodules.” 

The exact identity and origin of the 
cells that make up these nodules is cur- 
rently a subject of dispute among neurP- 
pathologists. One traditional view is th^t 


diese cells are derived from glial cells; 
therefore, the aggregations are referred to 
as "glial nodules.” Another opinion holds 
that the cells are derived from glial (es- 
pecially microglia) and adventitial cells 
of the blood vessels; hence, the nodules 
are considered “glial-mesencliymal" in ori- 
gin. A third theory contends that all of 
the cells result from activation of vascular 
adventitia; die nodules are therefore con- 
sidered to be solely mesenchymal in ori- 
gin. The fourth prominent contention is 
that these cells all result from infiltration, 

cyies. Present evidence appears inade- 
quate to establish clearly any one of these 
theories concerning the nature of these 
cells, but this uncertainty does not pre- 
clude the recognition of the nodules and 
their utilization in the diagnosis of 
Tesclien disease. In Uiis chapter, the terms 
neuronophagic nodule and cell nodule 
will be used, die latter when degenerating 
neurons do not appear to be the nidus for 
the nodule. 

Neiu-ons. The changes which occur in 
the nerve cells are obviously very impor- 


FIG. 14.1— Neuronophagic 
nodule in a thalamic nu- 
cleus, brain of o pig with 
experimental Teschen dis- 
ease. A.F.I.P. 514663. 
Nissl's stain. X 400 . 




230 


Section il VIRAL DISEASES 


disease may appear m one individual, then 
spread through die rest of the herd until 
almost all are sick In other situations, 
the disease may appear in successive waves, 
weeks or months apart, but eventually 
involves most animals in the herd In 
enzootic areas, die disease reportedly may 
assume a sporadic character, affecting only 
individual animals on a farm 
The initial signs are usually fever (104° 
F to 106° F or higher) with slight in 
coordination of the rear limbs, lassitude, 
and anorexia A stage of irritability usu 
ally follows in a few hours or days, then 
stiffness m the extremities appears and 
the animal may fall repeatedly Some am 
mals may exhibit a stiff, tripping gait and 
muscular rigidity, with the forelegs being 
placed forward and the hind legs drawn 
backwards In severe cases tremors, nys 
tagmus, violent clonic convulsions, pros 
tration and coma appear and persist for 
many hours Convulsions, accompanied 
by loud squealing, may be set off by a sud 
den loud noise In some cases the most 
severe and enduring signs are stiffness and 
opisthotonus Smacking the lips and 
grinding the teeth are observed in some 
animals Others may chew on objects and 
occasionally squeal as if m pain 
As paraljsis appears and becomes the 
dominant feature, the animal may sit upon 
Its haunches like a dog or fall to its side, 
where it remains helpless Stimulation by 
loud sounds or simply touching the am 
mal may cause severe opisthotonus, ac 
companied by thrashing movements of the 
forelegs This struggle may cause the 
recumbent animal to propel himself 
around m a circle The patellar reflex is 
diminished or lost at tins stage and cuta 
neous sensitivity is usually lowered or 
lost in some part of the body The voice 
may be toneless or entirely lost Consupa 
tion IS usual but die appeute often re 
mains good 

Vesicular eruptions have been reported 
to appear on the snout but diese have 
not been shown to be specifically related 
to Teschen disease 

The course of the disease is most olien 


acute, death occurring within 3 or 4 dajs 
after onset Only a few cases are peracute 
die animals dying within 24 hours Some 
animals have been known to survive man) 
months widi careful nursing, but residual 
paralysis and atrophy of muscles are evi 
dent Mildly affected animals may re 
cover completely Inapparent infections 
also are known to occur 

The disease is most likely to affect young 
swine in enzootic areas, but swine of all 
ages and breeds are fully susceptible 
Animals whicli have survived a mild or 
inapparent infection usually have a degree 
of immunity to subsequent infections 
This may explain the lowered suscepti 
bdit) of older swine in enzootic regions 

PATHOLOGIC CHANGES 
Gross Lesions 

No specific gross lesions are recognizable 
in animals dead of porane encephalo- 
myelitis Atrophy of muscles may be ob 
served, however, m paralyzed animals in 
which the disease has undergone a pro 
longed course 

Microscopic Lesions 

The principal effect of the virus in the 
central nervous system is upon neurons 
therefore, the recognizable lesions are 
found for the most part m the gray mat 
ter The neurons undergo degenerative 
changes leading to necrosis which m turn 
are followed by aggregation of cells near 
the sites of injury In nervous tissue, be- 
cause the range of reaction to injury is 
very limited, differentiation of lesions 
must depend not only upon the precise 
details of the tissue response but also upon 
tlie anatomic distribution of the lesions 
In Tesclien disease the details of the ce 
lular changes m the lesions and Ui^ir 
anatomic location are iinporiant to 
diiferential diagnosis of tlie disease an 
hence will be described m detail These 
dianges have been carefully studied, par 
ucularly by Manuehdis el al (1951) 

Ncuronophagic nodule The micro- 
scopic lesions which first attract die at 



FIG. 14.3— Perivascular oc> 
cumulotion of lympKocytes 
in Virchow-Robin spaces. 
Occipital cortex. A.F.l.P. 
514663. Nissl's stain. X 35. 



FIG. 14.4— Distribution of 
lesions of Teschen disease. 
Each dot represents a le- 
sion. After Manuelidls 
etal. (1954). 
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lant in tliis disease. Degeneiation and 
death of neurons is at least one factor 
underlving the formation of neurono 
phagic nodules and is die basis for die 
S)mptoms. The recognition of lesions in 
the neurons and their differentiation from 
artefact are often difficult, especially in 
early stages, and require both good techni- 
cal preparations and careful study. Af- 
fected neurons appear shrunken and dis- 
torted, dieir nuclei may be absent, and 
Nissl granules may be densely stained or 
absent from the cytoplasm. Small nuclei 
of satellite cells usually gather adjacent to 
die affected neuron, and large numbers 
of these small cells may assemble to make 
up a frank neuronophagic nodule as de- 
scribed aboie. 

Peril ascular cliangcs. Accumulation of 
cells around the smaller vessels may be a 
prominent feature in porcine cncephalo 
myelitis although it is neither specific nor 
limited to this disease. The pia mater Is 
anatomically deflected around cadi blood 
\csscl to form a barrier betueen the wall 
of the vessel and the brain parenchyma. 
The interval between the vessel wall and 
this layer of pia, called the Virchow-Robin 
space, remains a potential cavity until it 
is filled with gas, fluid, or cells. Leuko- 


cytes, stimulated to penetrate die arterial 
or venous wall, often accumulate in die 
Virchow Robin space to form a "collar” 
or “cuff" of cells around die blood vessel. 
This perivascular cuffing is one of die 
least specific reactions in nervous tissue 
but may, however, be a prominent feature 
in the microscopic picture. Lymphocytes 
are the most numerous cells in diis peri- 
vascular exudate (Fig. 14.3) , but plasma 
cells and neutrophils may also be seen. 
Blood vessels widiin gray matter may be 
affected, but die most prominent changes 
are found around vessels in white matter 
adjacent to die grey masses. Perivascular 
cuffing is a feature of all of die viral eii* 
cephalitldes but also may be found in the 
brain adjacent to areas of ischemic ne- 
crosis, old hemorrhage, or almost any in- 
jury to brain parenchyma. 

Distribution of lesions. The lesions of 
Tcsdien disease are concentrated in die 
gray matter of the ventral spinal columns, 
cerebellar nuclei and cortex, die brain 
stem, and, to a lesser degree, motor cortex 
(Fig. 14.4), but, unlike the lesions of 
poliomyelitis, arc not limited to dicse sites. 
It is this diffuse as well as selective tlistri- 
bution diat serves to distinguisli die le- 
sions from those of poliomyelitis, which 
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FIG. U. 2 -N«uronophog'e 
noduio (right) In ventral 
oroy column of ipinol 
cord. A.F.I.P. 213899. 
HemotoxylJn ond eo»in 
ttoln. X380. 
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neuronophagic and cell nodules and Aviih 
lymphocytic cuffing around nearby blood 
vessels These lesions are found diffusely 
throughout the gray matter of the nervous 
system but are especially concentrated m 
the ventral columns of the spinal cord 
cerebellar cortex, diencephalon, mesen 
cephalon, and thalamus The cerebellar 
pia mater is rather constantly infiltrated 
with large numbers of lymphocytes 


DIAGNOSIS 

Only a presumptive diagnosis csn be 
made from the clinical manifestations 
The disease should be considered in those 
situations in which swine exhibit feVer in 
addition to signs referable to lesions in 
the central nervous system The tendency 
of the disease to spread through a herd 
especially attacking >oung animals* at 


FIG 14 6— Cell nodules 
(dark spots) m Purkinie cell 
and molecular layers of 
cerebellum A F I P 
514663 Nissls stain X 35 



FIG 14 7— Neuronophagic 
nodule m Purkmie cell 
layer of cerebellum Note 
distention and loss of 
Purkinje cells, only one be 
mg clearly recognizable 
AFIP 266606 Hema 
toxylin and eosin stain 
X350 
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they most closely resemble These fea 
tures are also essential in differentiating 
Teschen disease from hog cholera and 
African stvme fever when nervous symp 
toms make these diseases diagnostic prob 
lems This point will be discussed fur 
ther under diagnosis 
The lesions in the central nervous sys 
tern of a pig dying of the infection, or 
sacrificed during a fully developed stage 
of the disease, are most widespread in the 
spinal cord and cerebellum The ventral 
horns of gray matter of the cord are most 
severely affected, although the dorsal horns 
are not always spared The intense de 
struction of nerve cells and the presence 
of botli neuronophagic and cell nodules 
are diaracteristic features m die spinal 
cord (Fig 14 5) Lymphocytic infiltration 
of the Virchow Robin spaces is also con 
stant in die involved segments of the cord 
Congestion is not unusual and small 
hemorrhages may be seen The disease in 
Its early stages affects the cervical cord, 
but as It progresses, die thoracic, lumbar, 
and sacraf regions become equally in 
volvcd 

The cerebellum is next most severely 
involved, the lesions being distributed not 
only in the dentate and roof nuclei but in 
the cortex and meninges as well Cell 


nodules are scattered through the molecu 
lar layers, and neuronophagic nodules are 
present m relation to dead and dying 
Purkinje cells (Figs 14 6, 14 7) The 
meninges over the cerebellum are intensely 
infiltrated with lymphocytes at the height 
of the disease (Fig 14 8) 

The medulla oblongata and pons are 
affected similarly to the spinal cord, but 
usually in a quantitatively less severe rnan 
ner (Fig 14 9) Cell nodules and pen 
vascular cuffs are regularly found in most 
parts of die mesencephalon as well "is the 
diencephalon The globus pallidus, puta 
men, caudate nucleus, and claustruifl are 
affected m order of decreasing seventy, 
and usually each is less affected than 
nuclei m the diencephalon and mesen 
cephalon The cerebral cortex is also die 
site of lesions which are moderate ttt 
number and rather widely scattered, con 
sisting mostly of small cell nodules and 
perivascular infiltrations The peripheral 
ganglia, including the gasserian, stellate* 
thoracic sympathetic, and celiac gangha 
occasionally undergo neuronal degenera 
tion and lymphocytic infiltration Suwdar 
clianges may occur m the spinal gaiigh^ 

In summary, the lesions of porcine en 
ccphalomyehtis consist of degenerative 
changes in neurons with formation o 



FIG 14 5-Neuronopho9« 
ond cell nodules, new 
rononocroili, ond pef»v 
cularcufTlng In ventfol 
aroy column of spmol 
cord AFIP.51-<^*3 
NissI s sloln X 150 
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guished solely on a clinical basis from 
those of Tesclien disease, although other 
features of the ttvo former diseases (see 
Chapters 7 and 8) may be helpful m mak 
mg tentative separation of these entities 
Salt poisoning may be presumpinely dis 
tinguished by the history of excessive salt 
intake or deprivation of water, the absence 
of fever, and the failure of the disease to 
spread by contact Nervous signs of nu 
tritional origin are rare under natural 
circumstances, fever is not observed, and 
the disease does not spread by contact 
Imestigation of the feeding practices also 
may yield clues to the etiology Definitive 
diagnosis can only be established through 
laboratory methods 

The microscopic lesions m the central 
nervous system are of particular value in 
distinguishing Teschen disease from hog 
cholera and African swine fever From 
the foregoing parts of this chapter, it will 
be recalled that neuronal necrosis and 
neuronophagic and cell nodules are promt 
nent features m porcine encephalomyelitis 
These are minimal or absent m hog 
cholera and African swine fever Also, 
cellular infiltrations occur within the wall 
of blood vessels in hog cholera and African 
swine fever, not in the Virchow Robin 
spaces (see Chapters 7 and 8) These 
features permit die experienced patholo 
gist to distinguish porcine encephalo 
myelitis in properly prepared histologic 
sections Brain and spinal cord should be 
prepared for histologic study by fixation 
m adequate quantities of 10 per cent 
formalin soluuon The best procedure is 
to remove brain and cord widi aseptic 
precautions, cut out a few small (1 cm) 
cubes of tissue from die cerebrnl henii 
spheres, brain stem, and cord (for virus 
isolation) , then immerse die remainder 
of the brain and cord m about ten limes 
their volume of 10 per cent formalin (9 
parts water, 1 part formaldehyde solution 
— containing -10 per cent formaldehyde 
gas) 

Demonstration of die virus should be 
undertaken only in properly equipped and 


staffed hboratories Small blocks of brain 
and spinal cord, collected aseptically and 
submitted promptly, or frozen at -70° C 
are used for virus isolation A 10 per cent 
suspension of these tissues is made m 
physiological saline solution and inocu 
lated intracerebrally into young swine 
Recognition of the disease in these inocu 
lated swine is dependent upon the ap 
pearance of characteristic symptoms and 
demonstration of typical lesions m their 
central nervous system Serologic tests 
such as complement fixation, neutrahza 
tion, and immunity tests are not sulfici 
ently developed, at this writing to recom 
mend their routine use 

TREATMENT 

Treatment of swine affected with 
Teschen disease is presently based upon 
nonspecific methods which are rarely sue 
cessful and are probably ill advised under 
current conditions in the United States 
It 1 $ highly probable tJiat if the disease 
should appear m the United States an 
isolation slaughter method of control 
would be used and that treatment would 
not be attempted because of the risk of 
thereby spreading tlie infection In 
Europe, serum from recovered swine has 
been used in treatment with %ery little 
success Some swine have been known to 
survive following a prolonged course, with 
careful nursing, but tlie incidence of 
residual paralysis is high in sucli animals 
Under most circumstances the prognosis 
IS quite unfavorable 90 to 100 per cent of 
affected pigs die 

IMMUNITY 

Vaccines have been used in Europe with 
ititemiittent success m immunizing swine 
populations against Teschen disease Vac 
cine prepared by inactiution of suspen 
sions of infected brain and cord w ith forma 
lin have been reported to base value in 
controlling outbreaks of tlie disease 
(Hccke, 1955) Patocka el al (1953) 
leport some success with a vaccine made 
fioin 1 JXT cent suspensions of sjnn il 
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least ni enzootic areas, and the appearance 
o£ fever, irritability, and convulsions, fol 
loived by progressive spinal paralysis are 
all features which suggest Teschen disease 
The diagnosis is currently made on a herd 
basis, rarely can it be established m an 
individual animal prior to necropsy 


Manifestations of central nervous dis 
turbance may create diagnostic problems 
if they appear in the course of hog cliolera 
African swine fever, salt poisoning, and 
nutritional deficiency of pantothenic and 
Encephalitic signs in hog diolera and 
African swine fever cannot be distin 
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cord emulsified in liquid paraffin and 
lanolin A formalinized aluminum hy- 
droxide adsorbed vaccine has also been de 
scribed by larski and Szaflarski (1955) 
Use of virus cultured in embryonic swine 
tissues in the preparation of vaccine would 
appear to have promise but data on this 
point have not come to the attention of 
the writer 

CONTROL 

Methods to control this disease will be 
different in the Eastern Hemisphere, where 
the disease is enzootic, from those of tlie 
Western Hemisphere, where it has not yet 
appeared In Europe the approach seems 
to be to prevent the spread of die disease 
by isolation and quarantine and to in 


crease die immunity of the swine popula 
tion in enzootic areas by use of killed 
virus vaccines 

In the United States, control measures 
are currently aimed at preventing entrance 
of infected swine into die country and 
using inspection and quarantine proce- 
dures at die borders Should die disease, 
despite these measures, appear m the 
United States, control would depend upon 
accurate and prompt diagnosis, sacrifice 
of affected herds, and stringent isolation 
and quarantine of areas of infection It is 
not likely that vacanation would be used 
as a control measure except as an adjunct 
to the slaughter and quarantine approacli 
unless this latter method should prove in 
adequate to eradicate die disease 
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Listeriosis 


Listeriosis is an infectioas disease of am 
mals and man caused by a bacterial organ 
»sm known under the present classification 
as Listeria monocytogenes It produces an 
infection characterized by a monocytosis in 
a number of animal species Murray et at 
(1926) ivere the first workers to recover 
wiis organism from rabbits and guinea pigs 
which showed generalized infections with 
hepatic necrosis In addition to tlie liver 
changes and the presence of an exudate in 
ilie serous cavities, a marked mononucle 
osis was observed Because of this great 
increase m mononuclear cells, the organ 
15m was designated Bacterium monocytog 
enes There were no references made to 
histopathologic changes m the central 
nervous system 

Pirie (1927) working in Soutli Africa 
on the Tiger River Disease in the ger 
°*he a small native rodent, isolated a 
similar organism which caused a general 
ized infection in which focal necrosis of 
me luer was the most obvious lesion The 
organism \vas rather singular and could 
not be suitably incorporated in the existing 
3cterial classifications Consequently, be 
proposed the creation of a new genus in 
onor of Lord Lister and suggested the 
name Listerella hepatolytica Pirie recc^ 
the similarity of this organism with 
that described by Murray et al and pro- 
posed that the name Listerella monocytog 


encs be used should they prove to be 
identical Gill (1933) reported a raeningo 
encephalitis of sheep m New Zealand and 
in 1937 desCTibed the organism isolated 
from the diseased sheep He proposed the 
name Listerella ovis The organism was 
designated as Listerella monocytogenes in 
the 1934 edition of Bergeys Manual and 
the disease became commonly known as 
Listereilosis Later, tlie name Listeria was 
advocated by Pine and accepted by Bergey 
m the 1948 edition of his Manual of De 
terminative Bacteriology The disease 
caused by Listena monocytogenes is now 
designated as listeriosis Listeria infection 
has also been reported in sheep by Hirato 
et al (1954) in Japan Jungherr (1937) 
m Connecticut, Biester and Schwarte 
(1939,1941) in Iowa Graham ef a/ (1938) 
in Illinois, and Olafson (1940) in New 
York Cattle infections have been reported 
by Jones and Little (1934) m New Jersey, 
Fincher (1935) and Olafson (1936) in 
New York Graham et al (1938) in II 
linois as well as Biester and Sch^varte 
(J94I, 1942) in Iowa Listena infections 
in chickens have been reported both in 
England and the United States Reports 
from Norway Germany, France, and the 
Umted Slates indicate significant losses in 
horses ivere experienced from Listena in 
fection Various species of wildlife indud 
mg foxes, chinchillas, ferrets raccoons. 
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FIG. 15.2 — Swine lisierio- 
sls, field case. Section of 
brain tissue showing a 
focal area of inflltrotion 
ond perivascular cuffing. 

X 150. 



known. The extensive geographical dis* 
tribution of Listena monocytogenes and 
the wide variety of hosts including most 
of our domesticated animals, numerous 
species of wildlife as well as man indicate 
the existence of many reservoirs of infec- 
tion and numerous vectors which could be 
responsible for the spread of the disease. 
The incidence of listeriosis as a primary 
infection in swine is probably more preva- 
lent than generally believed because swine 
seem to be far more resistant to fatal in- 
fections than some of the other domesti 
cated animals 

Listeria monocytogenes has been isolated 
from many species of animals which have 
contracted serious or fatal infections with 
other patliologic agents. Hog cholera, pox, 
infectious enteritis, pneumonias, salmonel- 
losis, and brucellosis are examples of pri- 
mary infections from which the Listeria 
organism has been isolated. The carrier 
state reported in healthy sheep by Sliinnzu 
ol. (1954) indicates that the organism 
may be present in carriers of many species 


including man, without any clinical mam 
festation of the disease. It appears that 
any time the natural resistance of any 
animal with a latent infection or in a car- 
rier slate is sufficiently reduced from any 
cause whatsoever, listeriosis may develop 
and contribute to the fatal termination of 
other primary infections. 

Experiences recorded under experimental 
conditions give us the only information 
available on the transmission of listeriosis. 
These hardly seem applicable to natural 
infection. Intravenous and intracranial 
inoculation of swine with pure cultures or 
with infected material have produced 
rapidly fatal cases of listeriosis. Subcu- 
taneous, intramuscular, intraperitoneal, in- 
tranasal, and oral experimental infections 
m some instances produced rather mild re- 
actions followed by recovery, especially in 
suckling or weanling pigs; but in the more 
mature animals, little if any reaction v%as 
recorded. The means of iransmission of 
listeriosis b) natural infection has still to 
be determined. 
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^oles, and skunks have been found m 
fected with tlie Listena organism A num 
ber of human infections have been re 
ported from the United States and Europe 
Slabospickij (1938) appears to be tlie 
first to report Listeria infection in swine 
He isolated the organism from >oung in 
fected pigs raised on a Russian farm and 
designated the organism as Listerella suis 
Subsequent European reports of listeriosis 
in swine include those of DeBlieck and 
Jansen (1942) and Solomkm (1954) The 
greatest number of reports of swine listen 
osis in the United Slates has come from 
the north central states where the swine 
population is the greatest Reports by 
Blester and Schwarte (1940), Rhoades and 
Sutherland (1948) , Helmbolt et al 
(1951), Gray et al (1951), and Ryu 
(1935) indicate that listeriosis m swine is 
not uncommon in tins country 

ETIOLOGY 

Listeriosis IS caused by a small bacterial 
organism known as Listeria monocytogenes 
These bacteria occur as rods 1-2/4 m length 
and approximately 0 5/4 m diameter On 
culture media, filaments as long as 4/i may 
be observed The organisms may be seen 
singly, in pairs, or in short chains Polar 
flagella whicli stain with difficulty arc re 
sponsible Cor its motility Young cultures 
usually exhibit die greatest activity They 
do not form capsules or spores The organ 
isms stain readily with practically all die 
aniline dyes and are Gram positive Older 
ailtures frequently show bipolar staining 
They are not acid fast, 

L monocytogenes is aerobic and facul 
taiuc, It grows well on any of the media 
used for the cultivation of pathogenic bac 
tern Some laboratories prefer blood agar 
plates on whicli diis organism produces 
pinpoint deep colonics and flat, bluish 
while surface growths The deeper colo- 
nics are surrounded by narrow hemolytic 
zones Minute colonics surrounding the 
inoculation area develop on semisohd 
media A slight turbidity develops in broth 
with a granular sediment accumulating m 
the bottom of the tubes I he optimum 
ami>craturc apjicars to be about 37® C. 


but tlie organisms will grow between 20° 
and 40° C The culture media should be 
adjusted to pH 7 0-7 2 
Acid widiout gas is produced from 
salicin, rhamnose, and dextrose in 24 hours 
following inoculation Acid is produced m 
lactose, glycerol, sucrose, dextrin, and 
maltose in 7 to 10 days Fermentative 
changes are rather slow and variable m 
the presence of xylose, sorbitol, trelialose, 



FIG 15 1 — Listeria monocytogenes iioloied 
from pig X 990 


and galactose Certain strains of Ltsicna 
may act on Icvulose No fermentation rc 
actions have been recorded for arabinose. 
inuhn, inositol, dulcitol, and inanniioi 
TIic organism docs not reduce nitrates 
form HjS, or produce indol Gelatin n 
not liquefied Litmus milk supjwrts 
growth but IS not coagulated Some stram* 
of ihc organism produce slight acid for 
mauon 

Listeria monocytogenes is capable of pro* 
ducing disease through natural infection 
in sheep, caule, swine, guinea pigs, rabhiiSt 
cliickcns and man as well as many sj>eci^ 
of wildlife including rodents, foxes, an 
skunks 

TRANSMISSION AND DISTRIBUTION 

riic mode of iransmiiiion and the inm 
ballon period bv niiural infection i* ti 
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actions (I07.‘lo to 107.7° F.) and in 24 
hours were unable to stand. Clinical signs 
of a septicemia developed. The pigs died 
on tile second and tJiird day following 
inoculation. The swine inoculated intra- 
peritoneally developed elevated tempera- 
tures (105.7° to 105.9° F.) for a day or 
two. There were no symptoms observed 
for two weeks following inoculation. There 
was no reaction following subcutaneous 
inoculation of swine. The intranasal in- 
oculations produced elevated temperatures 
(105.3° to 105.4° F.) . A cough developed 
two days following inoculation. Spasms 
were reported later during tlie four days 
following inoculation. The pigs made an 
uneventful recovery. The orally infected 
pigs showed no elevated temperature re- 
actions or clinical signs. 

Field cases involving swine from 40 to 
150 lb. exhibited varying degrees of 
severity in their reactions to the disease. 
Some individuals developed incoordination 
or a partial posterior paralysis. The fore- 
legs were characterized by an accentuated 
stilted gait. The swine appeared nervous 
and ^ were easily excited. The clinical 
manifestations in the larger swine might 
be confused with a number of other dis- 
eases including nutritional disturbances. A 
diagnosis cannot be made from clinical 
symptoms manifested by the infected swine. 

COURSE 

In swine listeriosis whicli assumes a septi- 
cemic form or produces symptoms of a 
severe central nervous disorder runs a rapid 
and fatal course. Under field conditions 
the infected animals seldom survive for 
™ore than four days after the manifesta- 
tion of well-defined clinical signs. Under 
experimental conditions the swine inocu- 
lated intravenously or intracranially de- 
velop elevated temperature reactions and 
clinical signs within 24 hours and in the 
majority of cases die or become moribund 
in 48 to 72 hours. Experimental swine in- 
oculated intraperitoneally, intramuscularly, 
intranasally, or orally may or may not 
show moderate temperature elevations or 
mild and transient clinical signs followed 
by recovery. 


PATHOLOGY 

Necropsy examination of field cases 
shows no significant changes that are sug- 
gestive of the nature of the disease. Histo- 
pathological studies of the central nervous 
s)stem disclose a definite meningitis char- 
acterized by a severe monocytic infiltration. 
Numerous blood vessels, particularly those 
in the area of Uie pons, reveal perivascular 
cuffing. Many foci of monocytic infiltra- 
tion are found, A considerable number of 
polynuclear cells are present in some areas. 
An increased number of monocytes are 
present in the circulating blood. 

Experimentally inoculated swine are 
more likely to reveal the true nature of 
the tissue changes caused by Listeria in- 
fection than field cases, in which concur- 
rent infections often complicate the pic- 
ture. Pigs inoculated intracranially with 
pure cultures of this organism die about 
24 hours later. Pure cultures may be re- 
covered from the brain tissue. Negative 
results are obtained from the bacterio- 
logical examinations made of the paren- 
cliymatous organs. Severe monocytic in- 
filtrative meningitis, perivascular cufEngs, 
and focal infiltrations of monocytes are 
observed in the histopatliological studies 
of the brain tissues. The tissues surround- 
ing the ventricles and pons contain the 
most advanced cellular changes, but char- 
acteristic changes are found in other parts 
of the brain and spinal cord. The lining 
cells of the neural canal and ventricles are 
destroyed in many places and monocytic 
infiltrations appear in the deeper struc- 
tures. The kidneys are slightly s^vollen, 
but no gross diagnostic dianges can be 
detected. The histopathology reveals focal 
monocytic infiltrations which oftentimes 
involve the glomeruli and adjoining tissue. 

The liver is also swollen. It does not have 
the yellowish color often observed in field 
cases of ovine listeriosis whicli usually run 
a less acute course. Considerable conges- 
tion and definite monocytic infiltration 
are observed in the microscopic exami- 
nation of the tissues. 

Ryu (1955) reported tlie isolation of 
Listeria monocytogenes from a field case 
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CLINICAL SIGNS 

The clinical manifestations in s^vine as 
the result of Listeria infection vary con- 
siderably according to reports found in the 
literature. Concurrent infections undoubt- 
edly exert definite effects on tlie clinical 
signs manifested, according to some reports. 
Biester and Scliwarte (1940) observed 
several outbreaks of listeriosis in swine 
which occurred in Iowa. The incidence of 
the disease in young swine was much 
greater than in the older individuals in 
tlie same herds. Considerable ranges of 
temperature elevation were observed. In- 
fected swine presented clinical signs of a 
central nervous disorder. The majority of 
tlie larger swine manifested various de- 
grees of shaking or trembling. Some indi- 
viduals dragged their hind legs or showed 
various degrees of incoordination while the 
movements of the forelegs in many in- 
stances became a characteristic stilted gait 
similar to tliat observed in tetanus. Under 
experimental conditions SO-lb. pigs whicli 
were inoculated initacerebrally with pure 


cultures of swine origin showed a severe 
central nervous reaction and died in 24 
hours. Repeated intramuscular inoculation 
of pigs witli swine strains failed to cause 
any clinical signs in animals which were 
kept under observation for two montlis 
Listeria strains of ovine origin on repeated 
intramuscular inoculations produced no 
clinical reactions for a period of one month 
white the inoculations were being made; 
however, about one montli after the inocu- 
lations were discontinued, the pigs de- 
veloped clinical signs of a central nervous 
disorder. The day following tlie appear- 
ance of clinical signs the pigs were unable 
to stand. Pure cultures, injected intra- 
venously and fed to pigs ranging from IbO 
to 170 lb. in weight, failed to produce any 
untoward effects. 

Ryu (1955) isolated Listeria from swine 
which apparently were infected witli otlier 
pathogenic organisms. These cultures were 
inoculated into suckling pigs up to tvvo 
months of age under experimental condi- 
tions. Following intravenous inoculation 
the pigs showed elevated temperature re- 



FIG. 15.3 — Swine lisfeno- 

SIS. field cose. Section ot 
broin tissue showing j^eo- 
kocytic Infiltrotlon ond 
perivascular cuffing 
X 150. 
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severe disturbances of tlie central nervous 
system, similar to many field cases in sheep 
and catde Symptoms of a central nervous 
disturbance with various degrees of inco 
ordination and progressue weakness fol 
loived by death ■which is typical of most 
neurotropic infections is characteristic of 
listeriosis of the younger swine Older 
animals seem to be more resistant as the 
symptoms are less severe and recoveries 
are not uncommon Listeria monocyto 
genes is recovered from the brain and cord 
tissues and not from the blood or internal 
organs sucli as the liver, spleen, and kid 
neys The histopathology of the central 
nervous tissue includes meningitis, pen 
vascular cuffing, focal infiltration, and an 
increase of monocytic cells in the blood 
The organisms are apparently confined 
to the foci of infection m the tissues of the 
brain, and cord Attempts to isolate the 
organism by inserting a sterile platinum 
loop into the brain tissue and inoculating 
culture media terminates in negative re 
suits m more than 60 per cent of die 


cases, according to Biester and Schwarte 
(1940) Trituration of composite samples 
of brain and cord in a mortar and inoc 
ulating the brain emulsion into laboratory 
animals and culture media result in a high 
percentage of positive culture isolations A 
10 per cent tissue emulsion agitated m a 
me^anica] shaking device for 15 to 20 
minutes will achieve the same objective 
Electric blenders will thoroughly emulsify 
infected tissue in 5 minutes, breaking up 
die foci of infection and uniformly dis 
tributing the organisms throughout the 
emulsified tissue For making isolations 
this IS the method of choice 
A method of verification of a clinical 
diagnosis of listeriosis when initial isola 
tion by culture was negative was demon 
strated by Gray et al (1948) m a refriger 
ation storage technique They showed that 
the chances for successful isolation of the 
organism were enhanced by storing the 
infected brain at 4®C for a period of 
several weeks prior to reculture 

The literature contains a number of re 


FIG )55~-Swine listeno 
SIS experimental case 
Section of brain tissue 
showing meningitis X 150 
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FIG 15 4 — Swine lisferio 
SIS, experimental case 
Section of brain tissue 
showing perivascular 
cuffing X 150 


diagnosed as pleuropneumonia m a uvo 
month-old Hampshire pig No nervous 
symptoms or clinical manifestations of an 
encephalitis were observed Listeria organ 
isms were isolated from the liver, spleen, 
and kidneys Pasteurella organisms were 
isolated from pneumonic areas of the 
lungs In another field case involving a 
septicemia in a pig from which organisms of 
the Pasteurella and Erysipelothrix groups 
were isolated from the brain and lungs. 
Listeria organisms were also isolated from 
brain cultures Cultures made from the 
liver, spleen, and kidneys were negative 
Kerlin and Graham (1945) isolated Lis 
teria from grayish focal liver lesions of an 
unthrifty pig in which no symptoms of 
encephalitis were observed Rhoades and 
Sutherland (1948) reported a case of con 
current infection with hog cliolera and 
Listeria monocytogenes in a 4 month-old 
pig Listeria organisms were isolated from 
the liver, spleen, and kidney m pure cul 
ture No symptoms of encephalitis were 
observed The lesions described were typi 


cal of hog cholera and the Listeria infec 
lion was considered secondary to hog 
cholera 

The numerous reports of listeriosis m 
swine, especially with concurrent mfec 
tions, produce confusing pathologic pio 
tures to the experienced pathologist, as 
well as the veterinarian The lesions , 
in various organs of the body m ho 
cases complicated by secondary infections 
differ considerably from tissue changes o 
served in experimental transmission stu 
les Consequently, it is necessary to cor 
relate the isolation and identification o 
the bacterial organism witli tlie pathologic 
clianges in evaluating the lesions when 
secondary infections are involved 

DIAGNOSIS 

The number of studied and recorded 
field cases of Listeria infection in swine i 
ratlier limited and no generalized con 
elusions can be formulated As it occurs 
in the field as well as in fatal experimenta 
infections, the disease is manifested ; 
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ports in which Listeria infection occurs 
concurrently with other conditions such as 
pneumonias septicemias erysipelas, hog 
cholera and other diseases The lesions 
described in these cases usually are typical 
of those associated with the primary in 
fection Listeriosis under these conditions 
may be considered as a secondary infec 
non Listeria monocytogenes has been iso 
lated from the blood and most of the m 
ternal organs of swine which have de 
V eloped secondary infections The wide 
geographical distribution of Listeria and 
the number of animals and birds both 
ivild and domestic serving as vectors and 
foci of mfecuon make it possible for the 
organism to be harbored in animals and 
man without any detrimental effect until 
the resistance of the host is reduced suf 
ficiently by a primary infection or other 
unfavorable condmons The organism 
may tlien become active causing a primary 
infection or assume a role secondary to a 
primary condition Shimizu et al (1954) 
detected carriers of die Listeria organism 
among healthy sheep 
It is important that a differential diag 
nosis be made from Aujeszky s disease, 
rabies, encephalitis, meningitis and odier 
diseases exhibiting symptoms of a central 
nervous disturbance Furthermore Listeria 
ettcephahtis o£ swine is distinct from a 
clinically recognized field condition desig 
nated as shivering pigs The latter is 
generally believed to be of hereditary on 
gin Culture media of various types have 
been used in attempted isolation of bac 
terial organisms from the brain liver, kid 
nc) and spleen of so-called shivering pigs 
with negative results Histopailiological 
studies of the brain and cord tissues failed 
to sliow tissue changes similar to those as 
sociated with listeriosis 

Since die conditions produced by pri 
mar) infections of Listeria monocytogenes 
lU svsinc may be confused symptomaticall) 
^viUi a considerable number of diseases, 


the only certain method of a positive diag 
nosis is the isolation and identification of 
the organism Various serological tests 
commonly used for diagnostic purposes 
have been inconsistent 

TREATMENT 

Various sulfa derivatives used alone and 
in conjunction with antibiotics have shown 
beneficial results in arresting the course of 
die disease m experimental animals Pern 
cillin Chloramphenicol Aureomycin 
Terramycin and various other antibioUcs 
with or without streptomycin have also 
been used with some degree of success 
under experimental conditions (Seehger, 
1955) Repeated treatments in order to 
maintain certain optimum concentrations 
of these therapeutic agents m die blood 
stream for an extended period of time 
seem necessary for effective treatment. 
The effectiveness of this type of treatment 
in swine has not been determined Such 
treatment involving multiple or repeated 
administrauon of therapeutic agents 
would be economically prohibitive in >el 
ennary practice A single large dose might 
have a favorable effect on the course of 
field infections in the larger sume cs 
pecially in cases where clinical symptoms 
are mild Suckling pigs showing severe 
symptoms of a central nervous disturbance 
usually do not respond to treatment 

IMMUNITY 

Tliere is no information available on 
the immunity produced by Listeria mice 
Uon m swine Immunization studies con 
ducted on sheep indicated diat only about 
half of the sheep in die flocks vaccinate 
were protected from cliallenge inocuhuons 
of broth cultures in experimental studies. 
Tlic incidence of listeriosis m swine is noi 
prevalent enough m Uiis country to war 
rant herd vaccination c\cn if a suiublc 
nicdiod of immunization were dcvciopeu 
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CHAPTER 16 


Leptospirosis has been recognized as an 
important disease of swine only since about 
1950 At a meeting of researdi workers m 
1952 tlie importance of leptospirosis ivas 
discussed, and the consensus appeared to 
be that altliougli the infection is prevalent 
m swine as indicated by the presence of 
antibodies, nevertheless the infection pro 
duced essentially an inapparent disease 
Since tliat time, observations by \eterinary 
practitioners and reports from a number 
of research laboratories have confirmed 
the widespread incidence of leptospirosis 
in swine and have also established tlic 
importance of tlie economic losses from 
the disease 

The U S D A report of losses from Inc 
stock, diseases for 1951 included an csti 
mated loss in baby pigs of §138,000 000 
Ihere are probably se\eral diseases wlucli 
contribute to this loss, but leptospirosis 
appears to be of increasing importance in 
tins catcgor) It is true that die disease 
niaj Im. present in a herd of suinc and 

•Much of ihc uoik OH ^WjjcIj ccrcaiii ponium of 
UHs tluptcr are based was done »»hilc ihc amhor 
5*3* ^1 Ihc Ohio \gncHltural Expcrimciil iiaiioH 
The oontribuuotu of \V D loundcn L. H Bold 
11 R. Smuh \ H Hamd> and T t-loHcuarc 
graicfully acknowlcdRcd J>i>caal acknOHlcils«ncnt 
i* accorded to V R Sanger who iiol onl> parlw* 
PJlcd in ihc tocarch bui also piqured a jwil on 
of Ihc text dealing with Ihc hulopatholooical ol> 
W'ationj. 

Tic author is also graicful to E. ^ Morse and 
R f Lii ^luin of Midiigan State LihscimI) for 
ihcir helj (ul ctiiiciun of the iiunutcripl 
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Leptospirosis* 


produce no evident disease but on the 
other hand when it is introduced into a 
breeding herd the loss of stillborn pigs and 

squealers which die within the first week 
after birdi may approadi 100 per cent of 
die pig crop for the season 

ETIOLOGY 

Tlie most common cause of leptospirosis 
m swine in the United States is Le})lot}>ira 
potnona Tins species was first isolated in 
Australia b) Clayton ct al (1937) horn 
a person suffering with what uns cdlcd 
‘seven day fever This person had been 
drinking creek water prior to appearance 
of die disease Subscqiicnd) the same 
organism was dcinonsiratcd in suint and 
cattle 

L pomona is a spiral shaped slender 
rod vsliich measures about 0 1 to OJ/i in 
diameter and 3 to 10;* in length The 
organism is actively motile It can be ob 
served microscopically b) means of dark 
field ilhimiintjon but cannot be seen vwtli 
regular Iigliiing except m prcparaiions 
using a silver iin|)regnaLion niedicKi of 
siaiiung Norn, of die cominonlv used 
slams assist in making the Icpluspiras 
\isiblc Morphologically L pomoria jxis- 
scsscs no outstanding cliaractcristics ithicli 
aid m dillcrcniiatuig It from oilier sjKcir* 
of Uie genus 

The Icpiovjtiras also dilfer from odicr 
bacteria in their cultural duraticiiuitv. 
They grou onlv in i}>cctal media whirJi 
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which are present m the blood and other 
organs Some o£ the leptospiras pass from 
the tubules with the urine into die blad 
der and in animals in whicli the pH and 
other characteristics of the urine are satis 
factory, the viable organisms are voided in 
the urine Such animals are called car 
riers or ' urinary shedders and diey are 
the important reservoir of infection for 
susceptible animals Thus a cycle of in 
fection IS readily established in wlucli the 
carriers in a herd maintain a source of 
infection for young animals on the premises 
and for susceptible animals whicli may be 
added to the herd The swine carriers 
may continue to shed viable leptospiras 
in the unne for six months or more 

Leptospiras m the urine of swine re 
main viable for at least several hours if 
the unne is neutral or slightly all^aline 
(Ferguson ec al , 1956) Since the organ 
isms will not withstand drying, their vi 
ability depends upon the deposition of 
urine in a moist place Transmission may 
be direct from the infected urine coming 
into contact with the susceptible animal 
by way of splashing m the eyes nose, 
mouth, or abrasions of the skin Indirect 
transmission depends on the environment 
of the animals When die infected urine is 
deposited in a poorly drained area, the 
organisms may survive for at least a few 
hours Gillespie et al (193?) reported 
that in certain types of water L pomona 
apparently survived for 10 days 

Infected boars have been definitely an 
criminated in introducing L pomona into 
a herd of breeding sows, howei er, the 
audior knoivs of no proien demonstration 
of transmission by way of conus Ferguson 
and Pouers (1956) did demonstrate tliat 
a culture of L pomona introduced into 
the vagina immediately following breeding 
produced a typical leptospirosis in all of 
the SIX gilts exposed Thus, it uould ap- 
pear tliat if L pomona is present in ilic 
semen of a boar, he could readily infect 
the sow at coitus 

Hie observations of Ferguson et al 
(I9j 6) suggest that the transmission from 
mfcctcd boars to sous vvas indirect rather 
than direct. Several sous md jjilts mated 
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to two infected boars were negative sero 
logically at 2 to 3 months of pregnancy 
but subsequently became infected from 
contact witli other infected sows It was 
presumed tliat one or more of the gilts 
mated with the infected boars were ex 
posed to infected unne and that subse 
quently such infected sows became urinary 
shedders and served as a source of infection 
to the other susceptible swine 
Morter and Morse (1956) have demon 
strated that L pomona can spread from 
swine to cattle or from cattle to swne by 
way of infected urine Although differences 
m virulence of vanous strains of L 
pomona have been demonstrated there is 
little or no evidence that these strains have 
any specificity for a given species of animal 
Bryan (1957a) failed to demonstrate dif 
ferences in immunity in swme between 
those given a bactenn of bovine origin 
and those given a bactenn derived from 
a strain isolated from swine 

DIAGNOSIS 

Leptospirosis had undoubtedly been oc 
cumng in swine for many years prior to 
Its recognition This was, m large part, 
due to die difficulues involved in demon 
strating the causative organism 
Leptospiras will not grow in any of the 
conventional culture media but require a 
speaal medium containing approximately 
10 per cent serum and uith die pH aU 
justed accurately at 7 to 7 2 At primary 
isolation the leptospiras grow slouly and 
may rcacli a detectable level only after 5 
to 30 da)s of incubauon at 30'^ C 

In addition to die speaal requirements 
for cultivation, die leptospiras can be de 
tected microscopically only by speaal 
methods These organisms arc not made 
visible by any of die common bacterio- 
logical stains Methods involving silver 
impregnation can be used for deinonsira 
ung leptospiras in tissue (sec section on 
lusiopadiology) TJie best procedure for 
tmooscopic examination is the use of dark 
field iJluminauon The optical s)$tcm 
wlucii has given best results includes a 
rcseardi type imcroscojx: uiih i suLiiage 
dark field condenser in place of die usual 
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contain about 10 per cent normal serum 
A modified Schuffner’s medium (Kelser 
and Schoenmg 1948) and Chang’s me 
dium (Chang, 1947, Morse et al , 1955) 
are probably most commonly used for the 
cultivation of leptospiras The organisms 
do not ferment carbohydrates nor are there 
other physiological characteristics which 
aid in their identification Even though 
the leptospiras multiply more rapidly at 
37° C their death and degeneration also 
occur more rapidly, so for optimum 
growth temperatures of 25° to 30° C are 
generally used for incubation The organ 
isms grow relatively slowly, with a maxi 
mum concentration in a well balanced 
medium being attained betueen 3 and 7 
days 

The pH of the medium, as well as other 
en\ironmentaI factors, is very important 
for the survival of leptospiras Optimal 
conditions for growth and survival seem 
to be m a narrow range around pH 7 0 
Above pH 7 4 growth is inhibited Below 
pH G 2 the rate of growtii is reduced and, 
m het in tins slightly acid medium the 
organisms die and undergo auiolysis 

INCIDENCE 

Leptospirosis IS much more prevalent in 
swine linn is commonly suspected, pnnci 
pall) because the disease caused by L 
pomonn may assume an mapparent form 
L xcleTohevwrThagtae was demonstrated 
ill Europe in swine ill with an unusual 
disease (klarcnbeck and W insscr, 1937, 
Fieltl ind Sellers, 1951, Nisbett 1951) 
Gscll (1916) reported tint 13 per cent 
of apparently normal swine in Switzerland 
had antibodies for L ictcroheviorrhagiae 
Infection of swine with tins species also 
has been observed in the United States 
(Bold and terguson, 1952) 

L pornona is the most common cause 
of the disease in swine in tlic United 
States, and this may be true in other parts 
of the vvorlil as well Moclitar (1919) in 
Asia and Saviiio and Rcnnclla (1915) in 
South \mcrica reported the isolation of 
L potnotia from the kidneys of apparently 
healthy svsinc I he fiial reported isolations 
of tins spcacs of Leptospira in the United 


States was that of Gochenour et al (1952) 
Bryan cf n/ (1953) and Bold ci fl/ (1954), 
in tlie United States, and Ryley and Sim 
mens (1954), m Australia, have reported 
more recently on the isolation of L 
pornona from aborted swine fetuses 

The results of serological tests with L 
pornona from various areas of the United 
States indicate that swine leptospirosis is 
present throughout the country at levels 
as high as 20 per cent Reports from 
Europe, South America, and Australia re 
veal somewhat comparable levels of preva 
lence, suggesting diat the disease is of 
world wide significance 

TRANSMISSION 

Leptospiras have a particular affinity for 
the kidneys of the infected animd, ^nd 
this cliaractenstic is especially important 
in the transmission of the organisms from 
animal to animal Regardless of the spcacs 
of Leptospira or die species of animal in 
volved, the disease pattern is cssentnily 
the same, wiiJi variations m the seventy 
of the symptoms and lesions produced 

The leptospiras enter the body ihrougn 
breaks m the skin, tlirough the mucous 
membranes, by way of the conjuciiva, or 
in other words, tlirough any means b> 
whicli the organism can gam access to die 
(issues In die susceptible animal very fci' 
leptospiras are required to establish an m 
fcction Tlic organisms invade tlic arcula 
lory system where they multiply and wiih”| 

2 to 7 days may be demonstrated in all ol 
Uic visceral organs as well as the blood 

Within 5 to 10 days antibodies for the 
leptospiras may be detected in die blotn 
scrum and, at this time, die organisms can 
no longer be readily deiuonsiratcd m the 
|KriphcnI blood The leptospiras arc veO 
sensitive to die specific anubodies, Tir^t 
agglutinating and dicn disiiucgraimft 
promptly, presuin ibly due to lysis Comply 
nicnt IS not required in dus bactcnolyn*^ 
process 

After die appearance of aiitibo^h*^* tp 
leptospiras can be demonstrated m the 
kidneys where dicy ajipcar lo Ixr localue 
in die tubules In this area the orgjm'«»* 
reproduce, proiccud from the 
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Stoenner (1954) described a rapid plate 
agglutination test and capillary tube test 
both of which were designed to simplify 
the serologic diagnosis of leptospirosis 
Antigen for the plate agglutination test is 
now available commercially with directions 
for Its proper use The test is very sensi 
Uve, and a positive reaction is not nearly 
so evident as that seen in the brucella or 
pullorum plate tests It is important tliat 
the operator follow the directions care 
fully and include known negative and 
positive sera to insure an accurate interpre 
tation of the results 

Bryan (1957b) reported a modification 
of Stoenner s method whicli included 
treatment of suspensions of L pomona 
with Giemsa stain This gave an antigen 
which, in the presence of antibodies, pro 
duced a much clearer positive reaction 

acute leptospirosis 

Only a small percentage of the swine 
infected with L pomona develop climcal 
evidence of the disease (Ryley and Sim 
nions, 1954, Ferguson et al , 1956 Morse 
et al , 1958) In many, if not most, of 
the naturally occurring cases the caretaker 
does not recognize the presence of illness 
particularly in a large herd Character 
istically the disease spreads from animal 
to animal m the herd so that possibly only 
one or a few will be in the acute phase of 
the disease at a given time These animals 
may show various levels of inappetence 
fever, and diarrhea, but these usually per 
sist for 1 to 3 days and may be easily over 
looked Careful observation of expen 
mentally exposed swine has revealed the 
appearance of illness, but even in these 
cases the signs are transient and mild 

The occurrence of hemoglobinuria in a 
gilt With a febrile reaction and inappetence 
'vas reported by Ferguson €t al (1956) 
This occurred in a naturally occurring 
outbreak of the disease There have been 
few other reports of hemoglobinuria in 
sume leptospirosis vvhicli suggests tJiat this 
severe form of the disease is rare 

Ferguson and Powers (19a6) reported 


LEPTOSPIROSIS L. C. Ferguson 

on the changes in the leukocyte count in 
swine experimentally infected with L 
pomona There was a trend toward an in 
creased number of leukocytes during the 
fourth to eighth days after exposure This 
leukocytosis appeared to be an absolute 
increase in the number of neutrophils 
many of which were immature forms 

It can be concluded, then, that the lepto 
spirosis in swine caused by L pomona 
produces only a mild form of the disease 
which IS usually inapparent Sanger (1957) 
has reported that there is little gross or 
microscopic pathological change evident 
in swine killed during the acute phase of 
leptospirosis 

The pnncipal lesions of swine lepto 
spirosis accompany the chronic form of die 
disease, which is characterized by localiza 
tion in the kidneys The diief economic 
loss also appears during the chronic phase 
m the form of abortion or the birth of 
weak pigs which fail to survive 

CHRONIC LEPTOSPIROSIS 

Although there are scattered lesions in 
the kidneys of swine m die chronic form 
of leptospirosis, the disease is ordinarily 
present widiout any apparent manifesta 
tions The disease is self hmiung, and re 
cover/ with complete elimination of the 
leptospiras from the kidney usually oc 
curs within 6 months after die initial in 
fection Abortion occurs during dus 
period, usually during the last 3 weeks of 
the expected gestauon 
The lesions described in the following 
section are those one will see at 1 to 3 
months following infection The gross 
lesions are confined to die kidnc>s, whicli 
arc pale in color and show a variable num 
ber of small grayish foci over die entire 
surface as well as on cut section Some 
of die fon arc slightly elevated above die 
surface There ire no adhesions between 
die capsule and die cortex Similar lesions 
were described in bovine kidne)s by Had 
low and Stoenner (1953) and Milhews 
(1916) 

Miaoscopicilly, lesions are present in 
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Abbe condenser A strong light source is 
reflected into the condenser with the con 
ventional mirror A iSX ocular and a JOX 
objectne, giving a magnification of 150X, 
give a good result for reading the ag 
glutination lysis test and for the exanuna 
tion of urine m drops on an open slide 
preparation For detailed examination of 
the organisms m tissue, blood, or cultures, 
a cover slip preparation is examined under 
a 40X objective witli either a lOX or 15X 
ocular 

Experience is required in examining 
known leptospiras before attempung to 
recognire the organisms in tissue or body 
fluids Schirren (1953) attempted to ex 
plain Uie development of die bodies com 
monly called pseudospirochetes These 
bodies which closely resemble leptospiras 
especially when viewed by the uninitiated, 
develop m preparations containing eryth 
rocytes Hypcrlonicity, which may result 
from evaporation from a prepared slide 
and a slight amount of heat will cause the 
extrusion of filamentous bodies Some of 
these may become detached from the 
erythrocyte, and Brownian motion closely 
simulates the movements of living bodies 
Photomicrognphs of such bodies, pre 
pared by Schirrcn (1953). indicate the 
simihrity to leptospiras 

Laboratory animals, chiefly hamsters and 
guinea pigs, can be cITcctively used in 
demonstrating leptospiras from blood, 
tissues, or urine of animals suspected of 
being infected Generally i/^2 ml of 
inoculum ore introduced into the pen 
tone'll cavity If L poinoua is present in 
the inoaiUnn, die animals vvill show evt 
deuce of infection by die fourdi or fifth 
day, usually by a rise in body tempcniurc 
Blood, collected ascplically from the heart 
on the fourth or fifdi day, is placed in the 
special culture medium in amounts of 
0 05 to 0 5 ml L potno/ta can usually 
be obtained m pure culture, even from 
heavily cont-iminatcd urine or tissue, by 
tins mciluxl 

Aldiough die cultural mediod is cs 
scntial for confinnaiion of the pres- 
ence of Icptospirous and idcniificalioii of 


the species in a herd of swine, the pro- 
cedures are not practical for routine diag 
nosis of the disease in individual animals 
The serological tests fill a very important 
role in the recognition of leptospirosis 
The agglutination lysis test is generally ac 
cepted as the most reliable for demon 
strating antibodies for the various speaes 
of Leptospira 

AGGLUTINATION-LYSIS TEST 

Living cultures in liquid medium arc 
used as the antigen Generally, ailuircs 
whidi have incubated 3 to 7 days at 30° C 
have been used, but there is need for 
standardization of the density Sioenncr 
(1955) referred to die extensive variauon 
m interpretation of test results when the 
concentration of leptospiras m die antigen 
is uncontrolled A serum might appear to 
be negative (a titer of less dian 1 100) 
widi a dense antigen, while with a less 
concentrated preparation die serum might 
show agglutination in a titer of 1 100 
The workers in this field have been at 
templing to develop mediods by whidi 
the concentration of organisms can be 
measured accurately Some standaruita 
tion, of not only die antigen but other 
steps m the procedure, is needed to im 
prove die repeatability of die test m the 
various laboratories A committee was ap 
pointed at the 1957 meeting of die \mcri 
can Association of Veterinary Bactenol(> 
gists, diarged with die responsibiht) o 
establishing procedures whicJi may lead to 
sucii standardization 

Tlic scrum to be tested for antibody 
IS diluted, for example 1 5, 1 50, I aOu. 
and I 5000, then 0 1 ml of each dilution 
IS placed in a small, dicmicall) dem to 
lube An equal volume of the living en 
lure of Icptospira is added to cacli dduiiot^ 
and a control tube containing saline an 
culture is included in cadi test. I ‘ 
iul>c$ arc shaken to mi\ the contcnti 
each lube thoroughly After standing ^ 
room icnijicniiurc (»0 to 25° C) for ^ 
minutes to 2 hours, the tests arc evamino 
under dark field illuininatioii for eviden 
of Jggiuimaiion and lysis 
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of the clironic form of the disease at tlie 
time of examination might well influence 
tins occurrence 

An occasional petechial hemorrhage is 
seen in tlie interstitial spaces Infrequently 
a few erythrocytes can be found in a 
tubule Congestion of vessels is not ap 
parent 

Glomerular changes are botli frequent 
and severe Some glomeruli are swollen 
completely filling Bowman’s capsule, and 
adhesions may form between the capillary 
loops and the parietal layer of Bowman’s 
capsule (Fig 16 3) Monocytes, neutro 
phils, and lymphocytes are present in some 
glomeruli (Fig 16 4). Other glomeruli 
are atrophic and fragmented some are 
shrunken, dense, and floating free m Bow 
man’s capsule (Fig 16 5) , while some have 
disappeared entirely Others, as shown by 
Masson’s trichrome stain (Lillie, 1954), 
are undergoing fibrosis with tluckemng of 
Bowman’s capsule, obliteration of the cap 
sular space, and complete loss of separation 
between the capsule and glomerular tuft 
(Fig 16 6) Almost without excepuon, 
where Bowman’s space is evident, it con 


tains eosinophilic granular detritus and 
some contain erythrocytes Langham et al 
(1958) described essentially the same 
changes 

In silver stained sections (Lillie, 1954) 
of tlie kidney of a pig killed 30 days after 
infection, nearly every tubule in a high 
power field contained leptospira, but the 
estimated average infection in ill tubules 
for an entire section of tlie cortex (I cm 
X I cm ) was about 50 per cent The 
greater number of infected tubules was in 
the cortex with diminishing numbers in 
the medulla 

As nearly as could be determined mor 
phologically in silver stained sections, 
leptospiras were present in all segments of 
the nephron unit except the renal cor 
puscle Infection extended from the 
proximal convoluted tubules immediately 
beneath the capsule, completely across the 
width of the kidney, to the last row of 
collecting tubules at the tip of the papillae 
Leptospiras in silver stained sections ap 
pear as minute, black threadlike structures 
which are present singly or in such con 
centrations that they form black opaque 


FIG 16 3 — Note ad 
nesions between the 
tuft and pane 
*al layer of Bowman s 
copsule at two places 
iprrows) With much 
o®bris in Bowman s 
space Vascular pole 
vnnary pole down 
Trichrome X 550 
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tlie tubules, glomeruli, and interstitial 
spaces and are both inflammatory and de- 
generathe in nature. 

The grayish foci are caused by the in- 
filtration of inflammatory cells. These 
foci are found immediately beneath the 
capsule, tliroughout the cortex, and in 
the medulla. The predominant cell is the 
lymphocyte; ho^vever, monocytes and 
neutrophils are usually present (Fig. 16.1). 
In occasional animals tliere is a preponder- 
ance of neutrophils; however, these cases 
may be complicated by the presence of a 
mixed bacterial infection. In places where 
these foci project against die capsule, there 
is thickening of the capsule as well as in 
filtration into the capsule by the inflam- 
matory cells. Widiin diese foci, tubules 
are destroyed with only remnants or oc- 
casional free epiUielial cells remaining. 
Adjacent tubules frequently contain large 
numbers of these inflammatory cells. Cel- 
lular casts and leukocytes in the tubules 
were also reported by Jungherr (1944) 
and Matliews (1946). No dirombosis or 
infarction is observed. 

The most striking diange in the tubules 
is hydropic degenerauon of the epithelium 




(Fig. 1C,2), wliich was also described b) 
Bloom (1911) and Monlux (1918) i" 
dogs infected witlt L. canicola. Tins i* 
characterized by large, swollen, vacuolate 
cells in which the nuclei arc crowded to 

the surface or arc even invisible (fat 
on frozen sections using oil red O fade 
to reveal fat in the vacuoles). This dc- 
gcncrtuivc diange is present in all 
menu of die nephron unit c.'ccepl ih^' 
gloiucruhis. In some tubules, cpitht-lia 
cells arc swollen to the extent tliat the 
lumen is closed. In others the cells art- 
broken, pcrnuiting extrusion of the 
clcus and cytoplasm into the lumen. 
line casts arc not seen and tubules arc 
not cystic. Rarely is mitosis of cpid'cha 
ctlU obscrvcil, and only an occasions 
tubule contains a double row of cell* 
dicating hyperplasia. The relative 
miiovls and the evidence of rq;encraimt 
of cpiihcUuui were in coiurasi to Icuoiu 
iibscrvid in dogs and cattle. 'I he duianoi 
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FIG 16 6 — Fbross of Bowmans 
capsule and capillary tuff Tri 
chrome X 550 


The only microscopic change observed 
m the liver was what appeared to be 
generalized cloudy swelling of hver cells 
In tissues from some animals hardly a 
cell could be found diat was unaffected 
hanghani et al (1958) referred to this 
foamy appearance of the liver cells and 
demonstrated by tlie Bauer Feulgen stain 
ing method that the cliange resulted from 
dissolution of glycogen Silver stains on 
hver sections failed to reveal any lepto 
spiras This was anticipated since lepto 
spiras tend to localize in the kidney tu 


bules after the appearance of the antibodies 
111 the circuJaung blood 
Tlie gross and microscopic lesions are 
somewhat different in swine later in the 
course of die diseise Tlie following is a 
description of animals which had slicd the 
organisms in tiie urine for si\ months and 
then became free of infection without 
treatment The antibody titer was grad 
ually decreasing at tlie time of slaughter 
No gloss lesions 't\ere visible at the time of 
necropsy 

Histopithological examination of die 


FIG 16 7 — Proximal 
convoluted tubule filed 
'^*11 *®P*ospiras which 
follow the contour of 
•he free edge of the 
epithelium as well os 
forming a weblike moss 
ocross the lumen Silver 
atom X 1,100 
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FIG 1 6 4 — Glomerulus show- 
ing neutrophil {!)» monocyte 
(2), lymphocyte (3), and ad- 
hesions at the left between 
the tuft and Bowman's cap- 
sule Note detritus in tubules 
and Bowman's space Hemo- 
toxylm eosin X575 


masses m the lumens with no detail visible 
They are located only in the lumen and 
not intracellularly or mterstittally The 
masses of leptospiras usually follow the 
contour of the free surfaces of tlie renal 


epithelium which appears to give the ce * 
an irregular black border. Houever, uic) 
are also found unattaclied an tlie lumen 
or as ueblike structures which extend com 
pletely across the lumen (Fig 16 7) 



Chapter 16 

survival o£ the organism under natural 
conditions Thus preventing the spread 
of leptospirosis must include housing the 
animals m a sanitary environment which 
does not have puddles water holes or 
swampy areas 

Ferguson and Powers (1956) and Fergu 
son et al (1956) demonstrated that swine 
can be kept m the same building and cared 
for by the same herdsmen without spread 
ing leptospirosis from the infected to sus 
ceptible animals This depends on the 
simple precautions of preventing direct 
contact and drainage or splashing of iinne 
from tlie infected to clean areas On die 
other hand natural infection in a herd 
of swine was transmitted from animals in 
one pen to susceptible swine in a second 
pen These pens were separated by a 
woven wire fence More than once the 
autlior saw a sow urinate in a position 
which deposited the unne in an adjoining 
pen 

The spread of leptospirosis can be pre 
vented by breaking die cycle of con 
tact through infected urine to susceptible 
animals Consideration of dus transmis- 
sion cannot be confined to any one speaes 
on a farm where a mixed animal popu 
lation IS maintained Morter and Morse 
(1956) suggested tliat sheep may not be 
important in the transmission of lepto 
spirosis but cattle swine and goats are 
involved 

Because of the susceptibility of lepto 
spiras to drying extremes of pH and other 
environmental factors leptospirosis should 
be one of the easiest diseases to control or 
eradicate In reality however this is ex 
tremely difficult because of the frequency 
of inapparent infection and the resulting 
unrecognized earners This means that the 
use of laboratory facilities chiefly die sero 
logical test must be used to aid in the 
diagnosis Well defined segregation of m 
fected carriers from susceptible animals 
must be carried out 

This system of control based on die 
agglutination test and segregation can be 
supplemented by two agents wliicli will aid 
m materially reducing die number of car 
Tiers These are (1) the use of a lepto- 
spiral bacterin and (2) antibiotic dierapy 
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The first can be used to increase the re 
sistance of swine likely to be exposed and 
the second procedure is of value m pre 
venting or eliminating die kidney earner 
stage 

York and Baker (1953) reported the use 
of a killed suspension of L pomona culti 
vated in embryonated eggs for the pre 
vention of leptospirosis in cattle Com 
meraal bacterms or vaccines are now avail 
able to the veterinarian These products 
were developed for use in cattle but they 
have also been used in swine Ferguson 
ct al (1956) used a leptospiral bacterin 
(Leptogen a product of Pitman Moore 
Co ) in a large breeding herd of swine 
L pomona was introduced probably by 
an infected boar into a pen of 29 gilts 
The bacterin was used in 54 sows and 
boars and except for 3 sows in a pen ad 
joining the gilts which may have been in 
fected at the time of vaccination there was 
no further spread of the disease 
Although It is difficult to evaluate the 
field use of a product m a self limiting 
disease such as leptospirosis the author is 
aware of the use by veterinarians of tlie 
commercially prepared bacterms in swine 
The general impression is that gilts vacci 
nated at breeding time are protected from 
infection during pregnancy and therefore 
in a herd or community where L pomona 
is present they will be free of leptospiral 
abortions Certainly there is evidence that 
the bacterms induce a degree of immunity 
which will reduce the incidence of lepto 
spirosis in an exposed herd 

The induced resistance engendered by 
the leptospiral bacterin can aid m tlie ulti 
mate control and eradication of lepto 
spirosis caused by L pomona By reduang 
the number of susceptible swine tlie 
number of carriers will likeivise be re 
duced 

Tlie leptospiras localized in the tubules 
of the kidneys in chronic carrier animals 
arc not readily removed by chemothera 
peuuc agents In tins location the organ 
isms arc protected from antibodies or other 
substances in the blood and tissues The 
only chemotlierapeutic agent of value in 
these cases is one whidi is excreted by way 
of the proximal convoluted tubules where 
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kidney showed small foa of fibrosis as re 
vealed by Masson’s trichrome stain In 
these fibrous areas tubules had disappeared, 
and increased numbers of capillaries were 
present, most of which contained blood 
Most tubules contained granular eosino 
philic debris which may or may not be 
abnormal In a few tubules small hyalm 
ized casts were present but were not block 
mg the lumen Albuminous degeneration 
was apparent in some tubules but this 
change iras not general over die entire sec 
tion Tubules were not cystic and tliere 
was no evidence of infarction Occasional 
small foci of lymphocytes were present in 
the interstitial tissue but monocytes and 
neutrophils were not seen 
Glomeruli had suffered the greatest per 
manent damage Some capillary tufts re 
mamed only as small, dark, dense masses 
inside shrunken thickened Bowman's cap 
sules Other glomeruli had apparently re 
tamed their natural size but had under 
gone complete obsolescence witli fibrosis 
which was continuous and indistmguish 
able from the duckened fibrous parietal 
layer of capsule Many glomeruli were un 
affected and remained functional, but even 
so m most of tliese there was some gran 
ular detritus m Bowman’s space 
Silver stains did not reveal any lepto 
spiras in Uicse kidnejs, and hamster inocu 
lations including blind passages were not 
successful m isolating leptospiras Bacten 
ological examination of diesc tissues did 
not reveal any other pathogenic agents 
Bnef mcniion should be made of struc 
lures which might be confused with lepto 
spiras 111 silver stained sections or in blood 
examinations Fibrin strands faindy rc 
semble leptospiras in silver stained sections 
except lint die fibrin has a distinctly 
beaded appearance and may be present in 
long dircads It is also less dense than 
masses of leptospiras and usually it forms 
a loose, open nctvsork. Ovcrireatmcnt of 
tissues uidi silver stains produces a dirk 
background and leaves a precipitate vvhich 
tends to be confusing 

CONTROL 

The control and cr idicauon of lepto* 
smrosis in mini, is iinporunt iiol onI> 


because of the economic losses caused in 
this speaes of animals but also because 
swine are probably the most important 
reservoir of infection for other species Ex 
cept m the case of pregnant swine, lepto 
spirosis exists very commonly in a herd 
without the owner's being aware of its 
presence Not infrequently investigators 
(Bohl and Ferguson, 1952) have deter 
mined by serological test, the presence of 
leptospirosis in the swine on a farm only 
after clinical leptospirosis m die catde Jiad 
called attenaon to the problem 

The spread of leptospirosis depends 
upon the transmission of the leptospiras m 
die urine of an infected carrier to a sus 
ceptible host The viable organism can 
enter the susceptible animals by any one 
of several routes Experimentally the dis 
ease is readily produced by introducing 
the organisms into the conjunctival sac 
the nasal cavity and die vagina (Fergu 
son and Powers 1956) Gillespie et al 
(1957) demonstrated that guinea pigs be 
came infected when batlied’ with 'Uicr 
comajDjnaied wjtJj L pomona Ringen 
and Bracken (J956) produced infections 
in cattle by placing one of the feet, which 
had been shaved in a bucket of urine from 
a earner cow It seems logical to assume 
that under conditions commonly found m 
farm herds, viable leptospiras may enter 
the eyes nose, or abraded skin dirccil) 
from the urine of an infected pen mate 
Indirect infection may also result from 
contact with litter or water puddles con 
laminated by urine Mortcr and Morse 
(1956) have demonstrated tlic ease win 
wlucli pen contact with infected animals 
can spread die disease , 

Gillespie et al (1957) dcmonsiraic 
tint L pomona can survive for 10 days 
in surface water Tlicy also dcmonsU’aicu 
experimentally that creek water contanii 
nated widi positive bovine urine still con 
tamed active leptospiras after 15 days 1 *e 
authors pointed out, Iiowever, dial tnc 
surface waters in die Columbia Plaicau 
area arc alkaline, and this may mllucnfe 
the survival of the leptospiras Even 
though waters in odicr parts of the country 
may not be so favorable for Icptosptroju 
die presence of moisture is csstniial for • ‘e 
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as simple as indicated in the preceding 
paragraph There are differences m the 
virulence of strains of L pomona There 
are some 50 serotypes of Leptospira which 
are found in various pans of die world 
Only 8 of these serotypes have been defi 
nitely identified in the United States With 
IV oriel travel becoming increasingly com 
mon, both of man and animals vigilance 


will be required to prevent the entrance or 
to limit the spread of other serotypes which 
may be much more virulent than L 
pomona Improvement of the mediods for 
serological testing is urgently required to 
aid in identifying various strains of L 
pomona as well as any new species or sero 
types whidi may subsequently appear in 
this country 
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the leptospiras are located (Weber et al 
1956) Penicillin is of no \alue in the 
clironic carrier animal (Brunner and 
Meyer, 1919) however, streptomycin and 
die tetracycline group of antibiotics are 
effcctue 

^Vebe^ ct al (1956) using hamsters 
uhich liad a chronic kidney infection 
caused by L camcola demonstrated that 
dihydrostrepiomycin at levels of 15 mg 
per kg of body weight per day for 3 days 
eliminated the organisms from the urine 
These workers also cleared the kidneys 
with somewhat higher levels of oxyictra 
cycline tcincycline and erythromycin 
Sidler (1951) reported that m con 
trolled cNpcriments pigs weighing about 
100 lb were cleared of kidney infection 
with as little as 0 23 gm of streptomycin 
Studies in the United States (rcrg:uson ct 
al 19oj) indicate that a single tntra 
musculuar injection of streptomycin at a 
level of 10 mg per kg body wciglu will 
chmin lit the leptospiras from the kidneys 
in most cases ierguson ct al (1936) re 
ported that dilorieiracyclmc fed at a level 
of 100 gin |H.r toil of feed or about 1 gm 
I>tr sow per day for 10 days cradicatcil the 
kidney earner stage in only about one half 
of the iicaicd group Baker ct al (1937) 
rcjKjrtcd that oxyictracvclinc given at the 
rate of 500 to 1 000 gm per ton of feed for 
7 tlays chinin itcd the ren d cirncr stage in 
6 of 7 pigs The luthon suggested Uui 91 
per cent of animals treated al these levels 
would be cvjM.cte’d to ehiniiiatc the Icpto 
sjuras 

By means of these methods of control 
aimed at thminiiing the carrier animats 
losses from Itpiosjnrosis on be gteaily rc 
ductal Particular emphasis must be placed 
on the danger of introtlucing a boar into 
a susccpiiblc heni of swine vsithout first 
testing the animal for Icpiosjnral tiiii 
bovlics. I he s.unc should apply to aiiv 
aiUhiions but the common practice of add 
ing a lioar from another herd al the begin 
mng of the brtwiing season inaeasts iJic 
pjobabiliiv of sprciiling Icpiospiiosis. 

Uihejugh there is Imic inforuutioii 
j\ iilablc on iht duration of imtminiiv in 


swine following vaccination many vet 
ennanans are recommending that sows be 
revaccinaied at each breeding period 
(York, 1957) This is especially important 
in communities where the infection u 
known to be prevalent or where there is a 
movement of animals from place to place 

The ease of cross infection between 
species of animals and the common occur 
rence of localization in tlie kidneys with 
no clinical manifestations add to the dilTi 
culties encountered in controlling lepto- 
spirosis There may be little gained if one 
concentrates only on the swine on an in 
fected farm when there may be carrier 
cattle sheep goats and horses available 
to maintain a source of infection Nforc 
over, one should not overlook the possible 
role of wild animals such as deer and 
various rodents as carriers of L pomoaa 
A recent report (Krcpkogorskaia and 
Rementsora 1957) indicates still another 
possible mcUiod of spread two strains of 
L grippotyphosa v^cre isolated from the 
tick Dermacentor margwatus 

CONCLUSION 

L pomona has been found ni at 
II of the slates (Steele ct al , I9o7) 0“ 
viously, ilie disease has been widely di' 
scminaicd even though it was first rccog 
mzed as an important disease in s\*mc 
only since 1950 It can be controlled by 
rigid sanitary procedures involving 3 ^ 
species of animals on the premises 
serological test is very useful in dcicrniin 
ing tin. probable presence of llic patbo^jCn 
and iJius serves as an aid in segregating the 
infected and susccpubic inimali rbc 
use of 1 Icptospiral bactenn is of 
in preventing losses from abortion m 
naiu swine and it vviU also reduce tb^ 
number of {>oicmial earners Antibiouf 
therapy may be used in sclcctcil herdv 
cliiinnatc die Icptoipiris from the kidn*^'* 
of infected carncis The combination ‘ 
these methods, if wisely and ^ 

used can serve in the romplcte eradicate ‘O 
of / ponuftta infection 

Fraiiication of IcptospirouS may *' »l 
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CHAPTER 17 

Brucellosis 


Brucellosis of swine, formerly called con 
tagious abortion of swine, is an infectious 
disease that has been recognized as a 
specific entity since 1914 when Traum 
(1914) isolated Brucella sms from aborted 
fetuses Results of studies that have oc 
curred from time to time on die incidence 
of brucellosis of swine show a difference 
which appears to be related to the loca 
Hon where the swine sera Vicre obtained 
Aidiough the incidence of die disease in 
the United Slates is not definitely known 
a recent and more comprehcnsiNC report 
(USD A, 1957) dian those in die past 
show die average infection to be 5 2 per 
cent Available evidence indicates tint 
brucellosis occurs in most swine raising 
areas of diis country and in most countries 
throughout die world where swine exist 
cither in die wild or in die domestic state 
The principal natural host for Br suts, 
the leading cause of swine brucellosis, is 
the pig Aidiough iJr suis infection occurs 
naturally m horses, cattle, dogs, and fowl, 
the disease is much more sclfhniiling m 
these animals dian m swine This is doubt 
Icssl) associated widi natural raistancc of 
foreign hosts to Br suu Most studies on 
the susceptibility of dogs and cluckcits lo 
btticcllosis have been concerned v»idi die 
*l<cics Br abortus, however, it has been 
dciuoijsijaijj that bodi ijicacs of animals 

aic susceptible to Br sms and Br riWitcn 


sts More recendy, the European hart has 
been inainnnatcd as a natural host for Br 
sms (Clinstnnscn and Thomsen IQjG 
Fritzsdie, 1950) Danish investigators 
(Bendtsen et al , 19a}, 1950) believe that 
diis animal is a potential reservoir of in 
fcciion and is responsible for outbreaks of 
brucellosis of swine in Denmark 

The guinea pig is die most susceptible 
of the experimental animals to the dirce 
species of Brucella Although domestic 
rabbits hamsters, and while mice arc sus- 
ccptiblc to dicsc infections, die ensuing 
disease is more self limiting in them than 
in guinea pigs 

Very little 15 known about the susccpii 
bihiy of goats and shtep to Br suis lie 
cause die opportunity for c\jxnurc is tx 
cccdingly slight under usual niana,,cnicni 
practices Wiiitc and wild rats arc relatively 
insusceptible to Br suts 

ETIOLOGY 

Brucella suis is rccoj,nircd as die pnnci 
pal cause of bniccllons of svwnc bccjuic 
It IS die sjicacs of brucella moil frctiucnily 
isolated from swine in herds naturally af 
fcctcd v*id» brucellous Brueclts meliterint 
and Btucclld abortus, however, slut are 
capable of causing infection in iwme tin 
dcr natural condihoni of ex|«oiurc Imla 
tiun of Br, rnelitetuii lioni luluralJj in 
fcctcd »v»inc in d»c United itates v.a» firs. 


£ 24^1 
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WHO, 1953) Each of these cliaracteris 
tics IS determined by employing speafic 
tests It IS emphasized that no single test is 
entirely dependable consequently, classifi 
cation of a Brucella culture is based on the 
combined findings obtained ivith all the 
tests 

Neither Br suts nor Br mehtensis re 
quires increased CO 2 tension for growth 
whereas original isolations of Br abortus 
require increased CO 2 tension approxi 
mately 10 per cent above that of atmos 
phene air 

All strains of Br suts, except those of 
the Danish variety, produce large amounts 
of HgS for 4 or 5 days, Br mehtensis pro 
duces very little or no HgS, and Br abortus 
produces moderate amounts for 2 days or 
longer 

Growth of Br suts is inhibited by basic 
fuchsin and not by ihionin growth of Br 
mehtensis is not inhibited by either dye 
and growth of Br abortus is inhibited by 
thionin and not by basic fuchsin (Huddle 
son, 1943) Occasionally strains of each 
species do not conform to the regular pal 
tern The concentration of each dye may 
vary with the kind of media employed 
Numerous studies have been made on the 
d>e sensitivity test for differentiating the 
speaes of Brucella since it was first intro 
duced by Huddleson (1929) 

In general, Br sms shows a positive re 
action for urease activity (Hoyer, 1950) 
immediately or within 15 to 30 minutes 
^fter incubation and most Br abortus 
strains require 2 hours or longer The test 
has limited value in identifying Br mch 
tcnsis because the urease activity of some 
strains approaches tliat of Br abortus The 
strains of Br mehtensis isolated from swinc 
m tile midwestern stales show greater 
urease activity than tlie strains isolated 
from goats 

Catalase activity (Huddleson, 1943) i* 
greatest m Br suis and least in Br abortus, 
uuh that of Br mehtensis being some 
''here betivcen die oilier tuo species 

Sodium dicUi) Idiiluocarbamatc-imprtg 
uated (Renoux. 1952a) filter paper discs 
placed on solid agar medium wmplctcly 
uihibit the groiNtli of Br suis adjacent to 


the disc, thus producing a clear zone ivith 
out a peripheral ring It inhibits the 
growth of Br mehtensis only slightly ad 
jacent to die disc, but forms a white ring 
at tlie periphery of this area and com 
pleiely inhibits growth in a zone outside 
of tlie ring The growth of Br abortus is 
not inhibited next to the disc, but a brown 
and a white ring are formed at the pe 
nphery of this area, with complete inhi 
bition of growth m a zone outside tlie 
wliite ring 

Brucella suis and Br abortus cannot be 
distinguished from one another with 
monospeafic sera, but tliey can be differ 
entiated from Br mehtensis The success 
of this test IS dependent on production of 
anti serum with smooth cultures of Br 
abortus or Br mehtensis followed by tlie 
proper degree of absorption of antisera 
with the smootli heterologous organisms 
(Evans, 1923, Huddleson, 1943) 

CLINICAL SIGNS 

Most investigators generally agree on the 
symptoms associated with brucellosis of 
swine Any disagreements tliat exist are 
doubtlessly related to differences in ex 
penmental metliods, m stage of tlie dis 
ease, and in herd management. 

Repeated and prolonged studies by the 
ivTiier and co workers (Maniliei lOa?) 
failed to show any consistent rise or un 
dulaiing type of temperature during Uie 
oiurse of Br suis infection in sumc 

Bacteremia was one of tlie first signs of 
infecuon following exposure (Cotton and 
Buck 1932, Hutchings. I9j0a) and is most 
persistent Uic first 8 ivccks following c\ 
posurc Not all swiiic that show a bac 
tereinta dcsclop clinical manifcsiaiions of 
brucellosis or localization of infection 
Eiilicr Br suts infection fails lo establish 
Itself m approximately 15 per cent of 
sssinc tiiat show a bacteremia or the swinc 
recover from the disease witiiin a short 
tunc Since Uus condition occurs m non 
xacaiiatcd as well as in vaccinated swine. 

It would appear that both natural re 
ststance and aaiuired tinmunit) arc rc 
laicd to phenomenon lluodlcson 

(19j3). i>niing on ihc lubjcct of loo- 
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reported by Boris et al in 1946 There was 
some evidence presented by Jordan and 
Boris (1946) and Huddleson (1943), how 
ever that Br mehtensis existed m swine 
prior to this date Huddleson classified 2 
of 132 strains of Brucella isolated from 
swine as Br mehtensis prior to 1943 Since 
that time several investigators have iso 
lated this species of Brucella from swine 
McCullough et al (1949, 1951) were the 
first and only investigators to report iso 
lation of Br abortus from naturally in 
fected swine Originally, it was believed 
that Br abortus was responsible for 
brucellosis of swine (Good and Smith 
1916) Altliough Br abortus infection has 
been produced in swine experimentally, 
the results have been variable regardless 
of the method of exposure employed 
As all three species of Brucella are 
involved in the cause of swine brucellosis, 
the discussion of their diaracteristics will 
be one mainly of comparison (Huddleson 
1943 Merchant and Packer, 1956) The 
cellular and colonial morphology of the 
three species are similar m most respects 
The size and shape of cells may vary 
slightly between strains of the same species, 
as well as between each species Brucella 
suis organisms are bacilli that vary in size 
from 0 6 to 3ja m length and 0 4 to 0 8;i in 
width Brucella mehtensis organisms usu 
ally occur as coccoid, or short baallary 
forms They vary in length from 0 4 to 2 2^4 
and in width from 0 4 to 0 8/i Brucella 
abortus usually occur as short bacilli, but 
may occur as coccoid forms The length 
vanes from 0 4 to 2 5/4 and the width from 
0 4 to 0 6/1 Brucella organisms are non 
motile and do not form endospores They 
are stained with the anahne dyes and are 
Gram negative Although there is some 
disagreement concerning the presence of a 
capsule on Brucella, capsules are readily 
demonstrated on the cells of smooth and 
intermediate colonies of the three species 
by the india ink staining technique de 
scribed by Huddleson (1941b) 

Original isolations of the three speaes 
of Brucella appear as small, convex, and 
translucent colonies on the surface of agar 
media, and iliey are semitransparent by 


obliquely transmitted light All smooth 
forms of Brucella dissociate into inter 
mediate, rough, or mucoid forms under 
certain artificially induced environmental 
conditions 

Most Br sms organisms grow more 
rapidly and luxuriantly tlian either Br 
mehtensis or Br abortus organisms on 
the various kinds of artificial media 
Colonies of Br sms are usually distinguish 
able on the surface of suitable media after 
tliree days of incubation at 37° C , whereas 
those of the other two species are not 
visible until about the fourth to the 
seventh day Br sms and Br mehtensis are 
aerobes, and Br abortus is a facultative 
anaerobe Only Br abortus requires an 
increased COo tension of approximately 
10 per cent by volume above that of at 
mosphenc air for primary isolation from 
tissues, excretions and secretions of ani 
mals (Ardrey, 1941, Huddleson, 1943) 
The optimum pH for growth of Brucella 
varies from 6 6 to 7 4, depending on fac 
tors such as the buffering system, type of 
medium, rate of growth, and time of ob 
servation , 

Most Brucella have specific nutritional 
requirements for optimum growth These 
requirements have been reported in detail 
by other investigators and consequently 
will not be discussed in this chapter except 
to state that a suitable medium must con 
tain an adequate source of nitrogen, car 
bon and energy Because most diagnostic 
laboratories are not equipped to prepare 
special media, there are several com 
mercially prepared media available tlmt 
are satisfactory for propagation of Brucella 
These are Tryptose, Trypticase soy, 
Albimi There is additional information 
available on the physiology and chemistry 
of Brucella that will not be discussed m 
this chapter (Cameron et al , 1952, Gee an 
Cerhardt, 1946, Glassman and Elberg 
1946, Hoyer, 1950, Pennell, 1950) 

One of the most important parts of ^ 
discussion on etiology of brucellosis is the 
proper identification of species of Brucel a 
by their biochemical and serological cliar 
actensiics (Huddleson, 1943, Hulse, 195^ 
Renoux, 1952b, Rep 2nd Session FAO/ 
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montlis of sexual rest, the conception rate 
IS usually good Sows witli a persistent 
genital infection, however, seldom con 
ceive Infertility and lack of sexual drive in 
boars are most frequently assoaated with 
infection of tlie testicles Boars tliat have 
little or no testicular involvement but have 
infection of die accessory genital organs 
may disseminate large numbers of Br suis 
m die semen yet are not necessarily sterile 
According to Andrews and Hutcliings 
(1946) , the quality of semen from infected 
boars is poor It has been the experience 
of the writer that boars widi localized in 
fection in the seminal vesicles are die most 
prolific disseminators of Br suis in the 
semen Frequendy, boars of this kind are 
considered infertile because of the low 
conception rate in susceptible sows that 
they have bred, but infertility is actually 
associated with genital infection in the 
sows 

Clinical evidence of brucellosis in suck 
ling and weanling pigs is limited to rela 
tively low agglutinin titers and temporary 
bacteremia Swollen joints and lameness 
occasionally are observed Orclutis seldom 
develops before boar pigs approach sexual 
maturity, which is about five or six months 
of age Abortions are exceptionally rare m 
sows infected as pigs (Goode at al , 1952, 
Hutchings et al , 1946a, Manthei et al, 
1952, Thomsen, 1934) 

Although Br melitensis has been in 
criminated as a naturally occurring cause 
of brucellosis m swine in the United States 
knowledge of the natural course of tins 
infection is meager when compared wi 
that of Br suts Hutchings et al (195J) 
reported typical symptoms of brucellosis 
m a herd of swine infected with an or 
ganism idenufied as Br melitensts Arti 
fiaal exposure of swine with a strain o 
^r meliiensis originally isolated from 
swine by Hoerlem (1952) provides us wui 
additional information on the patliogenesis 
of this type of infecuon When these results 
compared with those of the wnier 
(Manthei, 1957) , who used Br suts as me 
“‘Posure material under comparable condi 
tions. It would appear tliat Br suu is 
more paUiogenic for swine tlian Br melt 


tensts Since these data have not been 
published, a summary of the results fol 
lows intravenous exposure — Br suis was 
isolated from 6 of 8 pregnant sows, and 5 
aborted conjunctival exposure — Br suis 
was isolated from 19 of 27, and 10 aborted, 
and intravaginal exposure— Br suw was 
isolated from 10 of lo, and 11 aborted In 
addition, the Brucella agglutinin titers ap 
peared more rapidly and developed to a 
higher level m these animals than in those 
exposed to Br melitensis by Hoerlem 
(1952) Hoerlem also reported that udder 
iMection could not be demonstrated m the 
exposed sows after farrowing and that 
rouunc vaginal swabs were negauve for 
Brucella m all cases Moreover, the ina 
dence of localized infection was relatively 
low at the time of necropsy and culture 
preparation, which was 6 to 12 months 
following exposure When these results are 
compared with those from studies of Br 
jiijj infection by Hutchings (1950a) and 
ManUiei (1948), Br melitensis appears to 
be the least pathogenic for swine of these 
two species of Brucella, and produces a 

more seltliraiung infection 

Our knowledge of tlie pathogenesis of 
Br aboTlm in swtne is very limned hfore 
over, the results of artificially induang this 
type of infection in swine are sufficiently 
dilferent from lliose obtained from mfec 
lions induced with Br sms and Br mrl, 
tensrs to draw any definite “ndus.ons 
Although McCullough et al (1949, 1951) 
established the presence of naturally oc 
curring Br abortus tufeettou in swme, n 
has been difficult to eepreduce the dnetne 
experimentally Graham el at (1J3U) 
ffiilrf to produce Br abortus infection in 

Its by feeding them milk from infected 
Sws and Gdmau el of (1934) were on 
able to produce infection in swme by 
a suspension of Br abortus but 
fuccesstul lU produciug infection 
by intravenous injection Subscquemly, 

1 1 t nl n95U and Ba\ et al (I9al) 
mcces fi 11 experimentally pro- 
„ere intecLu tn swme, but 

^“.p^etattou of results are 

SimMfooode^d ^.a„the. (.953) ex 
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chemical and histopathological reactions in 
the evolution of bovine brucellosis, states 
that our knowledge is incomplete concern 
ing the fate of pathogenic Brucella after 
they penetiate the body and enter the 
blood stream but do not produce an ap 
parent disease Bacteremia is seldom dcra 
onstrated longer than 21 days or more than 
two intermittent times in animals that do 
not show symptoms whereas it usually 
persists much longer in swine that develop 
apparent brucellosis Intermittent bac 
teremia has been demonstrated from 1 to 
34 mondis, with the average being 8 
months, in sows showing clinical manifes 
tations of the disease 
The development, concentration, or 
persistence of antibodies, particularly ag 
glutinins, in tlie blood serum following 
exposure to virulent Br suis varies con 
siderably between individuals These van 
ations are related to metliod and amount 
of exposure susceptibility of the animals, 
and site of localization of infection A 
diagnostic level of agglutinins usually does 
not develop prior to 10 days, and maxi 
mum agglutinin titers seldom develop 
prior to 21 days in swine following ex 
posure to Br suts Agglutinin uters usually 
develop most rapidly in swine exposed 
intravenously and intracutaneously, most 
slowly in those exposed per vagina by 
either natural service or aruficial insemi 
nation, and at some time between the two 
extremes in those exposed per os or per 
conjunctiva Maximum agglutinin titers 
are generally higher and persist longer in 
adults than in suckling or weanling pigs 
Most swine show Brucella agglutinins m 
the 1 100 or higher dilution of serum at 
some time following infection, however 
tliere is a tendency for titers to decline or 
become transient as animals are m the pro- 
cess of recovering from the disease or as 
the disease becomes chronic (Creech, 
1930, Hutcliings, 1950b) 

Clinical evidence of Br suis infection 
may vary considerably in different herds 
These variations are influenced by factors 
sudi as general susceptibility of swine, 
stage and number of pregnancies virulence 
of the infectious agent, method of ex 


posure, and site of localization of infec 
tion The classical clinical manifestations 
of Br suts infection are abortion, birth of 
stillborn or weak pigs, infertility, unilateral 
or bilateral orchitis, posterior paralysis, and 
lameness Decreased sexual drive is oc 
casionally observed in affected boars 
Abortions have been observed as early 
as 22 days following natural service to 
boars disseminating Dr suis in the semen 
Early abortions are usually overlooked un 
der field conditions, and the first indica 
tion of infection is a large percentage of 
sows or gilts showing signs of estrus 30 to 
45 da)s after the service that terminated 
in conception Little or no vaginal dts 
charge is observed with early abortions 
Abortions that occur during the middle 
or late stages of gestation are usually as 
sociaied with females that acquire infecuon 
after pregnancy has advanced past 35 or 
40 days The persistence of genital infec 
tion m females varies considerably Bru 
cella SUIS usually persists a minimum of 
one month m the nongravid uterus In a 
group of sows that were bred to boars dis 
seniinating Br sms m the semen, several 
have shed Br suts in vaginal discharge 
for at least 30 months An apparent ab 
normal vaginal discharge is seldom ob 
served m sows that have uterine infection 
The percentage of females that eventually 
recover from genital infection is relatively 
high 

Genital infection is much more persistent 
in boars than in sows The writer (Man 
thei, 1957) has studied 6 boars, 5 of which 
have shown persistent genital infection for 
3 years and one for more than 4 years 
All of tile evidence strongly indicates tliat 
boars infrequently or never recover from 
genital infection 

The length of time that boars and sows 
remain infertile is directly related to the 
duration of genital infection and the ex 
tent of pathological changes (Connoway 
et al, 1921, Crawford and Manthei, 
1948 Hutcliings and Andrews, IS"!^ 
Thomsen, 1934) When genital infection 
does not persist longer than one month 
following abortion normal parturition, or 
breeding, and sows are permitted several 
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posed two groups of sexually mature gilts 
to virulent Br abortus for a period of 60 
to 90 days Only 1 of 5 gilts exposed 
through contact with infected cattle and 1 
of 10 fed milk of cows that contained Br 
abortus developed diagnostic agglutinin 
titers Brucella abortus was isolated from 
the retropharyngeal lymph glands of one 
gilt from the latter group The limited evi 
dence available suggests that Br abortus 
IS not highly pathogenic for swine, and 
swine are not likely to show clinical evi 
dence of the disease when infection be 
comes established 

PATHOLOGY 

Macroscopic pathological changes pro 
duced by Br suis m swine are quite van 
able Abscess formation is common in af 
fected organs and tissues In the case of 
orchitis, single or multiple abscesses are 
frequently observed m the parenchyma and 
in the epididymis (Fig 17 1) Enlarge 
nient and abscess formation are usually 
associated with localization of infection in 
the jemmal vesicles (Fig 17 2) Although 
localized Br sms infection has been dem 
onsirated m the bulbo urethral gland, 
macroscopic pathology is usually absent 
Thomsen (1934) reported miliary absces 
scs of the mucosa of tlie uteri of sows with 
genital infection We have obser^ed only 
one case of mihary brucellosis of the 
uterus, but we have observed multiple 
cysts in the mucosa of a number of uteri 
from which Br suts was isolated (Figs 
17 3 and 17 4) Brucella juis has likewise 
been isolated from ovaries showing niul 
uple cysts Catarrhal inflammation of the 
uterine mucosa is more frequently ob 
served than is pjometra 

Abscesses or necrosis of die intervertc 
bral disc and adjacent bone structure of 
the vertebrae are associated wiili spondy- 
litis Locomotion may or may not be im 
paired, depending on the degree of in 
volvcmcnt of die spinal cord A description 
of the vertebral lesions of swine caused by 
Dr juu was first reported by Creech (1930) 
and, snbscquewjJy, bj Feldman and 01 
son (1933) 

Mtliough Br smr produces macroscopic 


lesions of parencliymatous organs, it is 
frequently isolated from these organs when 
gross pathology is absent Lesions usually 
appear as encapsulated nodules, varying in 
size and number, containing homogenous 
yellow or whitish gray pus, or caseous ina 
terial Anderson and Davis (1957) have 
studied a number of cases of nodular 
splenitis of swine and suggest that this 
condition in live absence of otlicr lesions 
justifies a presumptive diagnosis of brucel 
losis Although the writer (Mandiei, 
1957) has observed nodular splenitis of 
swine that was associated with Br suts in 
feciion, the frequency of its occurrence was 
too low to be highly significant m diag 
nosing brucellosis of swine Furthermore 
bacteriological examination of various tis 
sues obtained from 75 infected swine at 
the time of necropsy, Br suis was isolated 
from the spleen of 30 per cent, only i fe" 
of which showed nodular lesions Other 
organs that occasionally show nodular 
lesions are liver, kidneys, and lymph 
glands Buicella suis has been isolated from 
abscesses found m the thoracic, abdoitunsir 
and pelvic cavities, as well as from various 
external areas of die body Catarrhal m 
flammation or abscesses of the tendon 
sheaths or joint capsules are occasionally 
observed (James and Graham, 1930) 
Recorded observations of the niaao 
scopic pathology of Br tnehlensis and Br 
abortus infection m swine are practicil*) 
nonexistent The only suggestive evidence 
of differences in gross lesions produced by 
each of die three species of Bnicella is iti 
guinea pigs Nodules and abscesses arc 
observed more frequently witli Br sut^ 
than with Br melttensis and Br abortus 
infections Regardless of this evidence it 
VNOuld appear unwise to speculate on dw 
type of lesions tint may be jiroduced m 
swine by Br meUlensis or Br abortus utwt 
a thorough study is made of the two m 
tcctions in this animal 

Development of knowledge of the micro* 
scopic padiology of Br suts infection 
swine has been related jirincipall) 
sjjccific macroscojnc pathological con ‘ 
tions and not to ilic sequence of events m 
the evolution of iiisiopaihologicdl change* 
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F|G. 17.6 -.Higher magnifica- 
tion of a section from Fig. 
17.5. X no. (W. A. Anderson 
and C. 1. Davis, J. A. V. M. 
A., 1957.) 


Undergo some calcification, and abscesses 
utay become encapsulated witJi fibrous tis- 
sue. Brucella organisms may remain within 
the lesions for long periods of time. Based 
on the microscopic lesions reported by 
Creech (1930, 1935, 1936), Feldman and 
Chon (1933), and Anderson and Da\is 
(1957), it does not seem out of order to 
assume tliat the evolution of histopatliology 
produced by Bt. suis in swine may be simi- 

lar to iliat observed in small experimental 
animals. If the same situation should be 
itaie regarding Br. aborlits, it would explain 
the benign cliaracter of tliis infection in 
“'inc. Furtltermore, since some strains of 
^r. melitensis produce lesions similar to 
mat produced by Br. suis and other strains 
more like Br. ahorltis, it is possible that 
^nnical manifestations of Br. meliteiisu in- 
‘«lion of swine occur less frequently or 
^rc less obvious than those of Br. suis. I is 


information may help to c.\plain why the 
majority of serious outbreaks of brucel- 
losis of swine arc caused by Br. suis. 

pfAGNOSlS 

The most .accurate method of diagnosing 
brucellosis of suinc is isolation and cl.issi- 
ficaiioii of the species of Brucella involved. 
This is accomplished by direct culture of 
specimens on a suitable medium or inocu- 
lation of siiccimens into gvimea pigs anil 
subsequent direct culture of their msiics 
and scroagglutination test of their bloml 

sera. Many times, houever, this is not 
feasible Ixrcausc laboratory f.icilitic$ aic 
inadequate or unavailable, or it is mqws- 
siblc to obuin sjKciincns for cxaimiutioii. 
Moreover, the time rctiuircd to comluct 
ilic necessary studies generally males the 
p;^^urc impractical in a large scale con- 

irol program. 
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in tissues in the natural host. This is not 
to infer that our knowledge of the histo- 
pathology of brucellosis is totally lacking, 
because a number of investigators have 
made thorough studies of brucellosis in 
man, dogs, guinea pigs, mice, rabbits, and 
cliick embryos. An excellent review of 
histological reactions in the evolution of 
bovine brucellosis has been published by 
Huddleson (1955) . 

As early as 1912, a very thorough and 
accurate report of the basic microscopic 
lesions of brucellosis in guinea pigs was 
made by Fabyan (1912) and few original 
observations have been added since that 
time In general, there is agreement con- 
cerning granulomas in tissues containing 
large numbers of reticuloendothelial cells, 
occurrence of occasional giant cells, and 
presence of intracellular Brucella. 

More recently, Braude and Anderson 
(1950) and Braude (1951) reportedon die 
sequence of events observed in the origin 
and development of hepatic granulomas 
due to Br. abortus. Within a few hours 
after Brucella was introduced into the ani- 
mals, organisms were observed m the cyto- 
plasm of polymorphonuclear leukocytes 
and epitlielioid cells parasitized with 
Brucella in tlie sinusoids of the liver. These 


events were followed by focal aggregations 
of parasitized epithelioid cells and a 
marked reduction of polymorphonuclear 
leukocytes. Cellular aggregates increased in 
size within the sinusoids to form early 
granulomas, and intracellular organisms 
disappeared. Granulomas fused to form 
large focal lesions. Three months later, the 
center of tlie granulomas showed hyaline 
changes and the appearance of some giant 
cells. These changes tvere followed by a 
gradual decrease in the size of the granu- 
lomas and in the surrounding cellular in- 
flammation Finally, no evidence of histo- 
pathological clianges could be seen in tis- 
sues examined one year after the animals 
were exposed to Br. abo)tus. 

The sequence of initial events were 
similar for Br. suis, but marked differences 
were noted in subsequent changes. Arrisal 
of parasitized polymorphonuclear leuko- 
cytes in hepatic sinusoids was not folJossed 
by appearance of epitlielioid cells or re- 
duction in the number of Brucella, but 
by an accumulation of polymorphonuclears 
and destruction of tissue resu/ting in 0}^ 
formation of caseous centers tliat sup- 
purated. There was a sharp line of de- 
marcation betiveen areas of necrosis and 
surrounding tissue. Caseous centers may 
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to non infected herds, titers of 1 25 and 
1 50 also were observed in animals tliat 
had not been exposed to Brucella Con 
sequently, a number of ivorkers ha\e 
recommended that interpretation of the 
seroagglutmation test should be based on 
agglutinin titer profile and history of a 
herd The present accepted interpretation 
of the test is that animals with no tilers 
as well as those witli titers of 1 25 and 
1 50 are potentially infected if they are 
associated with other swine, some of which 
show titers of 1 100 or higher Moreover 
a herd liiat does not contain any animals 
with titers above 1 25 or 1 50 on repeated 
tests and does not show any other evidence 
of brucellosis, should be considered free of 
the disease Therefore, the foregoing m 
formation supports the contention that the 
seroagglutmation test is more useful in 
diagnosing infection in the herd than in 
the individual 

Investigators have isolated and identified 
tltc nonspecific substance m sera of cattle 
or developed tests whicli appear to dif 
fereniiate between nonspecific and brucel 
Hr agglutinins Hocrlcin (1953b) Ins sug 
jested a modification of the standard tube 
'’gglutmaiion test by incubating the scrum 
and antigen mixture in standard dilutions 
at 56® C for 16 hours Serum samples from 
herds known to be free of brucellosis but 
reacting to the standard tube aggluiina 
tion test receded to negative or to a much 
lower liter when tested by the modificil 
iiiciliod vshcrcas scrum samples from sv»iuc 
mfcctcd with Ur suts or Or did 

not show a marked decrease in liter Kc 
Raidlcss of these encouraging results Hocr 
leui has suggested lint more exhaustive 
studies should be made of the modified 
test before u is recommended as a standard 
dn^^nostic procedure 

\ new procedure, rcccnllv introduced bv 
l^oscand Roepke (1957) for ihc detection 
‘d noiujxrcific agglutinins m cattle sera, 
appears to l>c worili) of consideration for 
the same purjxisc in swme sera 1 his fuo- 
eeduic involves the use of acidified anti 
Sens of ddferent hvdrogen ion concentra 
uu in conjunction with the plate ag 
Klotinauun technique \s the hsdiaiseii 


ion concentration of the Brucella antigen 
IS increased, die greater is the tendency for 
agglutinin titers to decrease 

Another test that has shown promise in 
differentiating between nonspecific and 
brucellar agglutinins in the blood sera of 
cattle IS a modification of the tube ag 
glutination by investigators at Btluvillc 
Tlie basis for modification is similar m 
some respects to that proposed by Hocrltin 
(I9j3b) however, there arc marked dif 
ferences m incubation temperature men 
bation time, and final preparation of 
serum antigen mixture for reading and in 
terpretation The amount of research on 
sera of swme is too limited to do othtr 
than suggest its possible application 
Allergic tests have been considered and 
studied but the results have not siiimihnd 
much enthusi ism especially from the 
sundpumi of replacing the scroaggluti 
nation tests 1 hree diircrcnt allergens pre 
pared and supplied by Iluddcison Invc 
been tested on mfcctcd and nonmfcctcd 
swme at the Animal Disease Station Belts- 
villc, Maryland riicsc were a phosphalidt 
fraction of Brucella cells, i purified ciil 
lurc filtrate of Or suss and a soluble 
imclcojirotcm fraction In general the re 
suits show that all of the allergens ucrc 
slightly more sensitive thin the scrovg 
'luciiution tube and plate tests liowcvcr 
both diagnostic methods failed to ulemifv 
-i small percentage of infected animals and 
erroneously classified some nonmfccicd am 
unis Very hltlc difference was noted m 
die intcmii) of re idiom m naiurally m 
fccud and m ariificially mfcctcd swine It 
shouhl be cniphasind liowcvcr, that die 
inuirallv infected swme were ftum a hcid 
ilut had cxjKntnccd a iclatiscly recent 
outbreak of brutellom. 
iioiicd because Dtlcz ci al (1JI<) 

.Kiricd that allergic rcatiiom v.ctc ^icatot 
In ariificullv semitwed is»me I bey 
,M.iiU out that more rcact.om were o - 
uimd with the allergic rest than wul, r he 
vcroJWluiiiuiioii rest m a herd of »>•»» 
dut had iKcn Kimimrd ictcnlJr bv rum 
,4l cxtK^^^tc. v.hcrcai die reverse wi ir»c 

„ J,.l,cr l,ca of aV» 
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The seroagglutination test is the most 
practical method of diagnosing brucellosis 
of swine at the present time Many re 
search workers have contributed to the 
development of the agglutination test to 
the degree where it is one of the most re 
liable diagnostic tools in use today De 
\elopment of a practical method of col 
lecting blood from swine by Carle and 
Dewhirst (1942) has increased tlie practi 
cability of the seroagglutination test Hoer 
lein et al (1951) published additional in 
formation tliat is helpful on procurement 
and handling of swine blood samples Both 
tube and plate methods are equally ef 
ficient however, hemolysis of blood serum 
causes less interference with mterpreta 
tioii of die plate than of the tube test 
The same standard Br abortus tube and 
plate agglutination antigens produced by 
Agricultural Research Service and cm 
ployed m die United States for the diag 
nosis of bovine brucellosis are used for the 
diagnosis of swine brucellosis Comparisons 
of standard plate and tube antigens pre 
pared from Br abonxis strain 1119 were 
made with antigens prepared from die 
same strain of Br ruts that was used to 
expose swine experimentally Comparative 
tests on more than 2,000 swme serum 
samples definitely showed diat antigens 
jirepared from Br abortus ivere equal in 
ill respects as diagnostic agents to those 
prepared from the homologous strain of 
Br sms (Manthei, 1957) 

Aldiough die seroagglutination lest has 
some hmitations in diagnosing brucellosis 
of induidual swine, actually it may be 
more correct to associate these limitations 
widi the individual animal than widi die 
test. Generally speaking, agglutinins do not 
reacli a high concentration m the blood 
of some infected swine, and they recede 
rather rapidly in odiers This is partial 
larly so if titer trends are compared with 
those of cattle It is not uncommon to find 
some infected swine with agglutinin titers 
at the 1 25 or 1 50 lesel and an occasional 
one widi die agglutinin titer below I 25 
rhe foregoing situations, howeser, irc 
usually associated with either early dc 
\elopmcnt of mfccuon and an ascending 


titer or recovery from infection and a 
descending titer It has been the experience 
of the writer (Manthei, 1957) that only a 
very few swine that show clinical evidence 
of Br suts infection or have localized in 
fection widiout clinical manifestation fail 
to develop an aggutinm titer of 1 100 or 
higher at some stage of the disease Con 
sequently, frequent testing will partially 
eliminate the limiting factors of the sero 
agglutination test 

Regardless of the foregoing limitations 
of the test, it has proved to be a valuable 
diagnostic test of herd infection There are 
very few herds infected with Br sins Uiat 
do not contain some swine with agglutinin 
titers of 1 100 or higher This type of m 
formation is very significant, because it 
provides a sound basis for application of 
a control or an eradication method most 
suitable to a specific type of husbandry 
operation within each herd 

Anodier limitation of the scroaggluti 
nation test and probably die one that 
causes the greatest interference with ac 
curate interpretations of reactions is the 
presence of nonspecific antibodies m the 
blood of noninfecied swine Nonspecific 
aggultinins are most frequently obseried 
in the 1 50 or lower dilutions of sera, but 
occasionally occur m sufficient conccnlra 
Uon lo be demomiratHe jn die J 100 or 
higher dilutions Some nonspecific ag 
glutinins diat cannot be differentiated from 
brucellar agglutinins by die standard ag 
glutination tests are believed to be pro 
duced by bacteria other than Brucella It 
has been demonstrated diat some strains 
of other genera of bacteria and strains of 
tbc genus Brucella possess one or more 
common antigens (Francis and E\ans 
1926, Huddicson, 1913) 

Since the limitations of the standard 
seroagglutination test are known, it be- 
comes a matter of interpretation of the 
test Some of tlic early work (Cameron 
1913) suggested that a liter of 1 m 
suinc was eiidcnce of esposure to Brucclh 
but v\hcn subscejuent studies (Cameron 
and Carlson, 1911, Crawford and Manthei 
1918, Huiclnngs, 1911) were cxjwnded 
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controlling diseases in animals ahvajs must 
be given full consideration 

IMMUNITY 

Ability of swine to resist infection caused 
b) any of the three species of Brucella will 
be discussed from the aspects of natural 
resistance and acquired immunity 

Nearly everyone who has investigated 
the problem of swine brucellosis has recog 
nized a natural resistance in some swine 
of both sexes and of all ages to Brucella 
infections Manthei ct al (1952) found 
that a majority of pigs nursed by dams with 
subacute or clironic infection were rela 
lively resistant to Br sms prior to 12 weeks 
of age, but this resistance graduall) de 
CTeased after that age The highest inci 
dence of bacteremia and maximum blood 
tilers occurred in these pigs shortly after 
weaning Goode et of (1952) reported that 
most pigs nursed by dams with acute 
brucellosis were resistant to Br suis prior 
to 4 weeks of age and diis resistance gradu 
ally decreased up to 10 or 12 weeks of age 
In two experiments, Br suis was isolated 
from the tissues of only 2 of 44 boars and 
none of 57 sows after they were 6 monilis 
of age This evidence along wiUi the de 
dine in titers suggests that a large ma 
jorny of the pigs had sufficient resistance 
either to prevent establishment of the dis 
ease or to recover from the primary in 
feciion These results are similar to iliosc 
obtained by other earlier investigators, c\ 
eept Thomsen (1934), who found infee 
non persisted in a significant percentage 
of swine at one year of age Huicliings et 
(191J) found dial weanling p»S® 
rcaUiK infected at 12 weeks of age with 
large doses of Br suis by five different 
methods of exposure The significant point 
•n this report is diat no recoveries of Br 
v\erc made from any of the aniinab at 
time of necropsy, which was 11 montlis 
follow ing exposure This low recovery rate 
bas not been observed by the vvntcr in c\ 
pcnmcntally infected adult svmiu. widim 
•* comparable period of time 
Cameron et al (1910, 1911, 1913) tc- 
l^oricd that the majority of progeny ob- 
tained from mating of naturallv rcsutani 


boars and sows were highly resistant to 
oral administration of virulent Br suis 
It has been the experience of the writer 
(Manthei, 1957) that approximately 30 
per cent of all swine experimentally ex 
posed show variable degrees of natural re 
sistance to virulent Br sms This finding 
is similar to those of McNutt (1938) and 
Johnson et al (1931 1933) Moreover, 

swine show a higher degree of natural re 
sisunce to virulent Br viehlensis and Br 


abortus than to virulent Br sms 

The next point to consider is the ability 
of swine to acquire immunity to brucellosis 
from exposure to virulent Br sms Accord 
ing to Hutchings ct a! (1916b), swine 
previously exposed to virulent Br sms were 
less susceptible to a second exposure dian 
unexposed swine of comparable ages were 
to their first exposure, but the acquired 


immunity was not sufficient to prevent re 
infection Since there were no abortions in 
the 30 re exposed anrnnls and only 3 iso- 
lauons of sms at the time of parturition 
or necropsy, the principal criteria used for 
evidence of infection were baciercniia and 
increase of agglutinin titers These results 
are considerably different from those of 
the writer (Manthei, 1957), who was un 
able to reinfect more than 3 of 30 sows 
that showed evidence of brucellosis follow 
me a previous exposure Bacteremia was 
demonstrated in only 2 animals, agglutinin 
titers increased slightly followed by a rapid 
decline to tJic pre rc exposure level, and 
Br SUIS was recovered from only - ot au 
$ows at lime of parturition 1 he grcauit 
difference bcluccn the results of die two 
cxpcrinicnts is die incidence of post rc 
exposure bacteremia Is a temporary bac 
tcremia or a transient ri^ m tiler con 
elusive evidence of brucellosis if one or 
boUi signs are die only manifcsuiioni of 
die disease’ Since there were very feu rc 
cxiioscd animals that showed clinical mam 
fcstaiions of brucellosis or from which Br 
suu was isolated at the tunc of parmritioii 
or nccropsv. there is no evidence of mtihi 

pUeZn of -be 

filicJul cells aficr it invaded the Uidv of 
the host- Ihc fact dul nunifestalicms of 
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It uould appear that both the allergic and 
seroaggliuination tests emplojcd have simi 
Jar inherent deficiencies 

Other aids to diagnosing brucellosis of 
swine are clinical manifestations and a 
record of addition of animals into the 
herd (Kernkamp, 1949) Although clinical 
manifestations of brucellosis are incon 
sistent and provide only presumptive evi 
dence of infection, observing and reporting 
abnormal conditions frequently result in 
an early diagnosis before tlie disease be 
comes widespread Observance of clinical 
manifestations following addition of new 
animals or return of animals from public 
expositions is sufficient reason for one to 
be suspicious of brucellosis 

There are very few diseases of swine that 
could be considered similar to brucellosis 
The principal exception probably is lepto 
spirosis Both Br suis and Leptospira 
Pomona cause a high percentage of abor 
tions or stillbirths m susceptible herds, and 
the disease caused by each agent has a 
tendency to be self limiting Fever is usu 
ally present m the early stages of lepto 
spirosis and absent in brucellosis The two 
diseases can be differentiated serologically 
Brucella sins can be isolated readily on 
direct cultuie, whereas L pomona is more 
difficult to isolate in this manner Unlike 
Br suis, L pomona does not produce 
ciimcal ovciiivw A dwvvnct gross and b« 
topathological lesion of chronic lepto 
spirosis is a focal interstitial nephritis 
Spondylitis is most frequently associated 
witli brucellosis and tuberculosis It is ex 
tremely difficult to differentiate tlie two 
types of spondylitis except by isolauon of 
the causative agent 

treatment 

There are no medicaments that have 
proved consistently effective in curing swine 
brucellosis (Crawford and Manihei. 1918) 
Numerous products have been used to treat 
human beings and small laboratory am 
mals infected with Brucella, but this dis 
cussion will be limited to tlieir use m 
swine Success witli tliese products has been 
variable, depending on criteria used to 


make the evaluation Bunnell et al 
(1953a) reported that treatment of Br 
sinssnfccted swine with Aureorajcih did 
not alter the agglutinin response, but it 
decreased the number of Br sms recoveries 
from routine collections of blood and from 
tissues at the time of necropsy below dial 
of tlie untreated controls Hutdiings et 
(1950a) leported that a combined treat 
meat of naturally and artificially infected 
swine with stieptomycin and sulfadiazine 
caused a cessation of bacteremia and a 
diminution of the number of isolations at 
necropsy It was pointed out, however, that 
Bi SUIS was isolated from tissues of lO of 
the 15 treated animals at necropsy This 
indicates that the treatment had a marked 
bacteriostatic effect on the organisms cir 
culating in the blood, but it did not pte 
vent generalization or localization of 
infection In addition, tlie condition of 
treated swine was mu^ poorer than that 
of untreated controls Cameron (1951) fo 
ported on feeding Aureomyem and vitatnm 
B,a m an Aureomyem fermentation rest 
due, to a group of pigs experimentally 
infected uitJi Br suis, for 28 conseciitne 
days Necropsies were performed immedi 
ately following the treatment period, and 
the organs were cultured and inoculated 
lino guinea pigs Brucella suis was isolated 
from 1 of 14 treated animals and 8 of 1 
untreated controls Although the results 
suggest that Aureomyem was bactencjda 
for Bi SUIS, evidence obtained from studies 
on infected cattle at Beltsville indicate 
that tins antibiotic may be only bacterm 
static No isolations of Brucella were ma c 
from milk of cows witlnn 7 days after 
treatment was stopped, however, repeate 
isolations were made subsequent to tf»at 
tune 

In summarizing the limited studies 
therapy of brucellosis of swine, tlie medi^a 
ments emplojed were lelatively ineffective 
in ridding the body of Dr suts, but they 
produced a measurable bacteriostatic e 
feet These discouraging results do hot 
necessarily suggest that an clfecuve treat 
iiient may not be developed, but the eco* 
nomic soundness of such an approach t** 
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muted from sows with genual infection to 
susceptible boars by repeated services 
under experimental conditions, boars prob 
ably become infected through a combi 
nation of oral and genual exposure under 
normal conditions Swine can be readily 
infected by conjunctival and intranasal 
exposure with a suspension of Br suts 
This experimental evidence suggests that 
swine could become infected with heavily 
contaminated aerosols and dust through 
the mucous membranes of the eyes and 
upper respiratory tract 

Since It has been conclusively demon 
strated that susceptibility of swine of all 
ages and of both sexes vanes considerably 
It would be difficult to assess the degree of 
influence that various transmission factors 
have on susceptibility The reason for this 
IS that otlier factors such as status of preg 
nancy, size of exposure dose, species of 
Brucella mvoUed, and virulence of the in 
^adlng organisms are indirectly related to 
susceptibility, and therefore affect the 
course of the disease 
Experimentally, all three species of Bru 
cella are much more resistant to environ 
mental changes in a dried than m a moist 
state (Manthei, 1957) The survival rate 
of Brucella decreases as the temperature in 
creases regardless of their physical status 
(Carpenter and Boak, 1931, ^^a^thel, 
1957) Boak and Carpenter (1928, I93Ia 
1931b) reported that melils7isis and 
Br abortus were killed at 140® to 142® F 
in 15 minutes, Br suts was not killed com 
pletely at 140® F in 20 minutes or at 
142® F in 15 minutes, but all tliree 
species were killed at 145® F m 10 minutes 
^mc of tlie most significant information 
on survival of Brucella has been obtained 
from experiments designed to simulate 
natural conditions Cameron (1932) 
demonstrated tliat Br abortus survived the 
longest in the dry state and at low temper 
aiures on burlap sacking, soil, and bovine 
feces Kiizdas and Morse (1951) rcporicd 
diat 2Jr abortus survived mucli longer in 
bovine urine, lake water, tap water, raw 
nulk, bovine feces, and two t)pcs of soil at 
2a® C tlian at 37® C trcczing or near 
freezing icmpcr-uurcs pcrmiiicd survival 


of the same bacteria for at least 824 days 
Huddleson (1943) held hog spleens nat 
urally infected with Br suts at a temper 
ature of -10° F and in meat curing brine, 
and positive cultures were obtained after 
periods of 30 days and 40 days, respectively 
Brucella are destroyed in 2 to 4 hours when 
exposed to direct sunlight (Huddleson, 
1943) Other results have been reported 
on the stability of Brucella under various 
environmental conditions by other investi 


gators 

The rate of dissociation increases if Bru 
cella are maintained for a prolonged period 
at temperatures between 25® and 37° C in 
a medium that will support growth Nu 
merous other experimentally induced fac 
tors either retard or enhance dissociation of 
Brucella These results are significant if 
any of die experimental conditions are 
duplicated m nature, because dissocntcd 
Brucella are less pathogenic than their pro 


totypes 

The use of disinfectants for destro)ing 
Brucella organisms, particularly in the 
presence of organic matter is a conirover 
sial issue Romo (1941-42) reported that 
l)e was the least affected when used m the 
presence of organic matter and a 2 per cent 
solution destro>ed Br abortus Cres)Iic 
acid liquor oresolis compositus and s(> 
dium orthophcn>lphenate also dcstro>cd 
Br abortus when used according to rccom 
mended procedures The efficacy of all dis 
infcctanis that are bactericidal for Brucella 
IS greatly enhanced if preceded b) 
Uiorough scrubbing of contaminated sur 
face with large quantities of water Hus 
results in a marked dilution of the infcc 
live agent, the significance of whidi must 
be acknowledged in reducing the degree 
of exposure and thus reducing the cliancc 
of spread 

Before discussing mctiiods of control anu 
eradication, tins would appear to ^ tlie 
uine to mention tiic imjiortancc of wni 
ution as a preventive 
and ManUici, 1918, HiitcJungs. 1913. Man 
thci ct al, 1030) Any lH*c of 
ciiipIo>cd to improve laniution uill oc- 
crcMC Ulc amount of coiiiamination ami 
inilirectl) dcacam die po.tiladil) of ex 
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the re exposed than in the initially ex 
posed swine suggests that some unde 
termined protective mechanism prevented 
multiplication and localization o£ Br sms 
m epithelial cells of organs of tlie body 
Altliough studies by a number of re 
search workers on the relationship of tlie 
various components of the blood and body 
tissues to natural resistance and acquired 
immunity have contributed much toward 
understanding the subject, our knowledge 
of the mechanisms of resistance and im 


munity is relatively incomplete 
This brings us to the part of the discus 
sion that deals with immunity induced by 
vaccination McNutt and Leith (1943) 
vaccinated gilts between 3 and 5 months 
of age with a virulent Br suts culture 
They were given 2 ml subcutaneously and 
5 ml mtranasally All gilts ceased to react 
to the agglutination test prior to breeding 
Postvaccinal exposure was with the same 
strain of Br suts as the one used for vac 
cmation All of the controls and 3 of the 
12 vaccinated gilts aborted The remain 
mg 9 farrowed normal litters and otherwise 
did not show any infection Hadley and 
Beadi (1922) also stated that vaccination 
of open gilts with a live culture of Brucella 
(porcine origin) conferred protection 
against infection 

^Vithin the past 15 years several invesu 
gators have studied the immunizing value 
of Strain 19 against infection m swine 
caused by virulent Br suis With the ex 
ception of Holm et al (1945) , all of tliem 
(Hoerlein, 1954, Jurado, 1950, Kernkamp 
and Roepke, 1948a, Lindley and Lander. 
1949. Manthei, 1948) agree that Strain 19 
vaccine will not produce a serviceable im 
munity against Br sms infection of swine 

The writer (Mantliei, 1948) conducted 
two experiments to determine the immuno 
genic properties of a Br sms strain of re 
duced virulence that originated m Aus 


tralia and is identified as King 8 Vacci 
nation of 4 to 6 month-old gilts with a 
living vaccine prepared from this strain 
produced a serviceable immunity for 9 
months but not for 24 months 
Bunnell et al (1953b) reported that 
phenol and etlier extract of Br rut. cells 


used to vaccinate swine did not protect 
the swine against subsequent exposure to 
virulent Br sms They also reported that 
a vaccine prepared from a mucoid phase 
of Br sms failed to protect swine against 
subsequent exposure to virulent Bt suis 

There is considerable doubt among 
persons who have a thorough knowledge 
of brucellosis of swine that vaccination 
would enhance eradication of the disease 
The reason for this attitude is that there 
are very few herds which could not be free 
of the disease within one year, if the own 
ers adopted one of three programs most 
suitable to the type of husbandry practiced 
in their herds This is possible because of 
the prolific nature of swine and the tend 
ency of brucellosis to be self limiting m a 
relatively high percentage of herds 

EP1Z00TI0L06Y AND CONTROL 

AU three species of Brucella are capable 
of entering the body of swine ih mat'? 
different ways The avenues of entrance 
arc the alimentary, genital, and respiratoi^ 
tracts, conjunctiva and skin Brucella 
organisms gam entrance to the bloo 
stream by penetrating the mucous niem 
branes of the different avenues of entrance 
The only exception would be entrance 
through denuded or possibly intact skin 

Most of the ex.perim.en.tal and 
dence indicates that the majority of natura 
Br infection takes place through t e 
alimentary and genital tracts The ha i 
of swine and usual cliaracier of the disease 
strongly suggest that the alimentary trac 
IS the most common mode of entrance or 
Brucella Moreover, the opportunity 
suckling pigs to be exposed to Br 
when nursed by infected dams, for 
of all ages to eat food and drink 'va ^ 
that has been contaminated with discliarg^ 
from the genital tract urine, or feces, an 
for breeding stock to eat aborted 
and fetal membranes is excellent 
next most likely natural avenue of enira*^ 
of Br SUIS IS the genital tract. Sows an 
gilts are readily infected when breii ^ 
boars with genital infection or when ar 
ficially inseminated vviili semen conP>ni B 
Br suts Although brucellosis can be 
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4 If the herd is not readily freed of 
infection, abandon this plan in 
favor of Plan 1 or Plan 2 
C Accessory Regulations 

1 Blood samples are to be taken by an 
approved accredited Veterinarian 

2 Reacting animals must be sold for 
immediate slaughter 

3 Replacement swine may be added 
without test if procured directly from 
a certified brucellosis free herd 

4 All other replacement breeding 
animals shall have passed a negative 
agglutination test and be held in iso 
lation until passing a second negative 
agglutination test The second test 
shall be at least 30 davs after the first, 
in the case of boars and open gdts, or 


after farrowing in the case of bred 
sows and gilts 

5 All swine brought onto the farm for 
feeding purposes shall be segregated 
from the breeding herd until moved 
for slaughter 

Tlie Committee furtlier recommends that 

1 The present recommendation of the 
United States Livestock Sanitary Asso 
ciation foi certificauon periods be in 
creased from the present period of 6 
months to a period of certification for 
one year 

2 It IS further recommended that all 
states adopt requirements for exhibi 
lion and die interstate movement of 
breeding swine as a step in the con 
trol of swine biucellosis 
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posure of swme to Brucella organisms 
The simple processes of scrubbing and 
washing pens, feeding platforms, transpor 
tation equipment, and rubber wearing ap 
parel, burning or composting contaminated 
inter, and burning or burying of aborted 
fetuses and fetal membranes are examples 
of things that any owner of swine can do 
Other preventive measures are to purcliase 
swine from a Brucella free source, to quar 
antine purchased swine of unknown source 
until their brucellosis status is determined, 
to refrain from using a community boar 
for breeding of sows, to quarantine all 
animals that are removed from and re 
turned to the premises until owner is cer 
tain they are free of brucellosis, and to be 
certain that all swine entering a Brucella 
free herd are transported in carriers tliat 
have been thoroughly cleaned and disin 
fected 

There are three plans that generally have 
been suggested or applied by research 
workers and sanitary officials for the con 
trol and eradication of brucellosis of swine 
Since their recommendations have been 
adequately discussed in the 1949 and 1954 
Proceedings of the United States Livestock 
Sanitary Association, they will not be dis 
cussed m detail in this chapter Instead, 
only a brief summary of plans of control 
xecosavnended by the Swwve BivsceWosis 
Committee (Hay et al, 1954) of the 
United States Livestock Sanitary Associ 
ation in 1954 is presented 
A Certification of Swme Herds as Bru 
cellosis Free 

Certification is made on the basis of two 
negative tests on the entire herd SO to 90 
days apart This includes all animals 6 
months of age and over with no a^lu 
tmation tests being positive 1 100 or 
higher This cerufication is valid for 12 
months Recertification is made an 
nually by die passing of a single nega 
live test on the entire herd 
B Plans of Control for Infected Herds 
PLAN 1 Recommended for commeraal 
herds 

1 Market the enure herd of swme for 
slaughter 

2 Clean and disinfect houses and 


equipment Rest hog lots if pos 
sible 

3 Replace with stock from certified 
brucellosis free herds, preferably 
placing them on clean ground for 
as long as possible 

4 Following two consecutive negative 
tests 30 to 90 days apart, the herd 
IS eligible for certification 

PLAN 2 Recommended for use in pure 
bred herds where it is desirable to 
retain valuable blood lines 

1 Separate pigs from sows at 56 days 
of age or younger and isolate as 
completely as possible 

2 Afarket infected herd as soon as 
practicable If sows are held for 
later litters, complete isolation is 
essential The disease has a greater 
tendency to spread as swinc ap 
proacli sexual maturity 

3 Test the gilts to be used for the fol 
lowing breeding season about 30 
days before breeding Save only 
those gills which are negatne 
Breed only to negative boars 

4 Retest die gilts after farrowing and 
before removing them from individ 
ual farrowing pens Should re 
actors be found, they should be 
segregated as far as possible froni 
vile Ttrmamder o£ the herd Only 
pjgs from negative sows should be 
selected for breeding gilts 

5 If herd is not dean at this tmie, 

the process is repeated anodier 5^ar 
As soon as the entire herd can pas* 
two negauve tests between 30 an 
90 days apart, it becomes eligtb e 
for cerufication . 

PLAN 3 Not recommended in genera 
but has been found useful m snia 
herds where only a few reactors are 
found and where no clinical symp 
toms of brucellosis have been note 

1 Remove reactors from farm 

2 Retest herd at 30 day intervals re 
moving reactors, until entire h^r 
is negauve 

3 Two clean tests, between 30 anu 
days apart, qualifies the herd fur 
certification 
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Anthrax* 


history of anthrax is intimately as 
ted with ilie history of bacteriology 
infectious diseases since it was widi 
rax tliat Robert Kocli in 1877 first 
mstrated conclusively die role of 
oorganisms m the cause of disease 
centuries preceding this monumental 
however, an endemic disease affect 
principally the herbivorous animals 
been recognized and described 
iditional historical significance is at 
ed to anthrax since it was Pasteur s 
» vvith Bacillus anthracis whicli first 
onstrated experimentally die protec 
value of an attenuated culture of die 
ative organism m artificial immunity 
isease 

nthrax is primarily a disease of herbiv 
IS animals, however, almost all species 
lammals are susceptible to some degree 
Jp, cattle, horses, and swine are the 
t commonly affected of the domesti 
d animals Man is susceptible, but the 
ase in this species occurs only sporadi 


cally, ordinarily from an individual contact 
with infected animals or animal products 
Swine are generally considered rather 
resistant to anthrax as compared to sheep 
and cattle which are considered highl> 
susceptible Swine may become infected 
however, along with other speaes of farm 
animals and may become important as a 
reservoir of infection 
The inadence of antlirax m swine in 
die United States has been reviewed by 
Stem and Van Ness (1955) The following 
fi«nires for the deaths due to anthrax de 
pTci the low level of incidence of the dis 


ease in swine 

1951 

1952 

1953 

1954 

1955 


1,088 

1,614 

127 

123 

11 


Tie relatively large figures recorded in 
951 and 1952 were a result of die incor 
oration m swine feed of imported bone 
leai whtcli conuined spores of B anlhra 


CIS 


rhe material presented in this chapter is based 
1) on the experience o£ the authors during 
outbreak o£ anthrax m Ohio in 1932 Dotn 
on Here at that ume m the Department o 
snology Ohio Stale Unnersiiy and were con 
^ Hjth the bacteriological diagnosis ot me 
cases Hhich appeared and the laboratory con 
Uion of the diagnosis in the subsequent cases 
authors acknowledge the extensive contribution 
he observations and data b> members of me 
Sion o£ Animal Industry of the Ohio Depart 
I of Agriculture 


etiology of anthrax 

Anthrax ts raused by B aMhrans, a 
larK Gram positive, aerobic, spore forming, 
n^mo^md The mdmdual bacilh are 

W 57 .“ drameter and 3-8,i long fVhen 
obseiCed m nsstie from an infected animal 
the oiganisms are commonly seen m shor 
rJrsnrronndcd by a well develojxid 


[ 291 ] 
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norm'll Death follows in many of the swine 
within 24 hours after the cervical edema is 
noticed It is not uncommon for swme to 
recover even in tlie absence of treatment 
The swelling may disappear gradually and 
complete recovery appears to occur how 
ever, some such animals may remain car 
riers of B anihracts 

Intestinal anthrax is cliaracterized by the 
presence of the predominant lesions m the 
intestinal mucosa and the adjoimng lymph 
nodes B anthracis presumably enters the 
mucous membrane or the lymphoid tissue 
of the intestine directly from Uie contami 
mted feed Only small areas may be m 
volved or in severe cases several feet of the 
intestine may be affected (Van Es 1937) 
The mucosa in tlie affected area is swollen 
dark red m color, and necrotic areas or 
ulcers may appear (Hutyra et al , 1938) 
The mesenteric lymph nodes become en 
larged Peritonitis is often observed in 
severe cases 

Clinical signs of intestinal antlirax are 
not obvious as are those in the phar>ngeal 
form In severe cases an acute digestive 
disturbance may be evident with vomiting, 
complete loss of appeiuc, and diarrhea 
'vith blood) feces Death may follow m the 
most severely affected swine, however, rc 
covery occurs in many affected wiili Uie 
milder forms (Brennan, 1953) 

Intestinal anthrax has been reported 
onl) rarcl) in the United Sutes Many 
cases may be unrccogniicd because of the 
usual practice of avoiding a coitiplcic ncc 
ropsy of animals suspected of anthrax 
h IS |)ossiblc that some of die minials 
dying of pharyngcil andirax may also have 
had lesions in ihc intestinal tract, Brennan 
(1953) reported that intestinal anthrax 
''as Uic most common fonn of the disease 
»ccn m a 1052 outbreak of anthrax in svi me 
‘u England 

Scpticcimc anthrax is the highl) acme 
mriii which results from the entrance of 
p onthracts into the blood stream, fol 
•owed b) rapid reproduction of the organ 
urns throughout die body Dcaih fretjuend) 
‘*<curs in animals so affected widiout an> 
iXTiotl of illness Iscing noticed b> the 


owner Septicemia is the usual occurrence 
m cattle and sheep however in swmc it 
IS the uncommon form of the disease 
Presumably there is i degree of resistance 
m swine not found in cattle and sheep 
which tends to bring about localization m 
most animals Goldstein (19a7) reported 
that of 30 swine examined at nccropsv dur 
ing the andirax outbreak of 1952 m Ohio 
only three had an enlarged dark spleen so 
characteristicallv seen in cattle It is jxis 
sible that young pigs develop septicemia 
more frequently than older swmc 


PATHOLOGICAL CHANGES 


In the interest of controlling anthrax 
complete necropsy of animals is sirongU 
discouraged As a result there is relativclv 
ludc detailed information available on the 
lesions in swmc Superficial examination 
of die cervical region has however auletl 
m an understanding of the usual appear 
ance of the tissues in pharyngeal anthrax 
Tlie tonsils arc usually covered viidi « 
fibrinous exudate, or extensive neaoiic 
cliangcs may be cvidciiL Ihc phiryngcal 
mucosa is frequently inflamed and swollen 
The cervical region is cdtinatous but 
odicrwisc no sujx;rficial lesions arc evident 
Incision of die region reveals an extensive 
infiltration of die subcutaneous lusuts 
widi fluid whicii is usually straw colored 
but may appear pink or hemorrhagic. 1 he 
tissue, containing large amounts of fluid 
may appear lo jiosscss a gelatinous con 


tency , . 

The mandibular and siiprapharvn.,cjl 
nph glands arc enlarged to several 
lies Uicir normal sue Ihc cut surface 
die aJfccted gland may vary m color 
.m deep brick red to straw berry red In 
>rc cliromc cases die color may be gras 
yellow, indicative of nccxocic changes 


niANSMlSSION OF ANTHRAX 
Anthrax is generally coiuidcicd a >od 
borne infection in cattle, dicrp and horwn. 

\nimalioamnul ipicaJ dues » ot lum 

occur, bu. ra.l.cr. fl “ f;, 

r.m.lcU in >!ic uul In Ihc intcclcd J . ■ d 
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capsule (Fig. 18.1). Under suitable aerobic 
conditions spores, which are highly re- 
sistant to disinfectants, heat, and desslca- 
tion, may be produced 

B anthracis grows very luxuriantly on 
most common laboratory media. On blood 
agar plates colonies can usually be de- 
tected within 12 hours. After 24 hours at 
37° C. the colonies have a “ground glass” 
appearance witli irregular, wavy borders 
which give them the "medusa head” 
characteristic No hemolysis is produced 
on blood agar, this is useful in distin- 
guishing the colonies from those of certain 
nonpathogenic species of the genus (Nord- 
berg, 1953) The colony of B. anthracis 
growing on blood agar on primary isola- 
tion possesses a stickiness which can be 
readily detected by touching with the bac 
teriological loop The colonial growth 
tends to adhere to the loop and forms 
tenacious threads This characteristic is 
presumably due to the capsular material 



FIG. t8.1-Bacaius anthracis in a lymph node 
smear from a hog dead of pharyngeol onthrax. 
Stained with olkoHne methylene blue, the bac- 
terial cells oppear blue and the capsule o light 
p5nk. X 1,500. 


on the organisms and is lost after one or 
a few transfers on artificial media. 

B. anthracis is the only known species 
in the genus which is pathogenic for mam- 
mals, except for B. ceretis which may pio 
duce death in mice or guinea pigs (Broivn 
et al, 1955) . The bacteriological diagnosis 
is relatively simple, therefore, when large, 
aerobic bacilli are found in an animal 
dead of an acute disease. Biochemical re- 
actions may be used, but because of vari- 
ability in the reactions of various strains 
or species in the genus, tlie injection o 
die culture into experimental animal^ 
usually mice or guinea pigs, is considered 
the best method of identification. 

CLINICAL SIGNS OF ANTHRAX 
There are three forms of antlirax vvhicli 
have been observed in swine: pharyngea , 
intestinal, and septicemic. Apparently the 
usual portal of entry is the oral cavity, an 
invasion occurs in die tonsils or mucosa o 
the pharynx. In some cases die infection 
may remain localized in the lymph no 
of this region and die disease would 
classified as pharyngeal. In other cases tli 
organisms may pass into the intestinal tra 
where primary invasion may also occu • 
When B anthracis is not localized u 
gains access to the general circulation, 1 1 
septicemic form of the disease develops 
Pharyngeal anthrax represents an m cc 
tion which is limited to the lymph gmn 
of the pharyngeal and cervical regions o 
swine by the body defenses. B. anthrac^^ 
reproduces in large numbers m the , 
and probably also m die lymph glands an 
adjoining tissue. A local inflaiiimaioi7 pr 
cess, interference with the flow of 
and consequent edema result. The 
ing may become so extensive tliat it 
lerferes mechanically with respiration an 
ingestion of food or water. , 

The clinical signs commonly _ 

in pharyngeal anthrax are cervical e ^ 
and dyspnea. General depression, mapP^^ 
tence and vomiting are commonly ' 
Fever, vvitli temperatures to 107® F, ” ^ 
occur, but it is not consistent and in soi 
alTectcd swine the temperature may be 
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a lot which might have been contaminated 
and he was advised not to use it He ob 
tamed other feed but left the few sicks 
back in the corner In tiie fall he decided 
this feed looked all right and gave it to the 
pigs A few days later anthrax appeared 
The determination of die source of in 
fection was not always as simple as might 
be indicated in the preceding paragraphs 
One such case occurred on a firm where 
a feeding steer was down," presumably 
from overeating The owner did emergency 
slaughter, put the circass m a food locker 
plant and gave the offal to the pigs During 
the following week some of the pigs were 
off feed and one died The diagnosis of 
anthrax was confirmed in die laboratory 
but investigation failed to connect the dis 
eise in the pigs with the known sources of 
contaminated feed The possibility of 
anthrax in the sick steer was considered 
and B anthracis was easily demonstrated 
tn dried blood scraped from die floor un 
der the chilled beef sides and in the beef 
hver which had been sliced, packaged, and 
frozen in the locker plant The source of 
the infection in die steer was never de 
tcrmined 

In anodicr one of the few bovine cases 
of anthrax observed during die Ohio out 
break, die source of infection was ong 
inally obscure Investigation revealed diat 
die cattle had received no feed contain 
mg the contaminated bone meal Furdicr 
hisior) was obtained and investigators of 
tile Division of Animal Industrj discovered 
dial ground feed for the group of feeding 
cattle had been prepared in a feed iiitxcr 
''hicli had been used to mix hog feed 
Some of the swine given this batch of feed 
developed anthrax It was concluded then, 
that the residue from die swine feed mix 
tint few jxiunds of feed ordinarily rc 
inaincil m die mixer) contained anthrax 
*l>orcs vshicli continunaicd die cattle feed 
On all farms where anthrax was rcco^ 
the premises vvcrc quarantined and 
the carcasses were cidicr burncvl or biiricil 
as directed by the Division of 

'nuual Industry \ careful survey s*-** 
nuintjjncd for any indication of sccoitdarv 
outbreaks from sod contamination Nv* 


such cases were recognized until July lOafi 
when on a farm where swine anthrax had 
occurred m 1932, two cows in a herd of 
20 died of anthrax Cows had been pis 
tured m the lot at intervals during tlit 
four year period Just prior to tlic rc 
appearance of tlic disease however a tree 
was uprooted in a wind storm It was 
strongly suspected but unproved tint 
anthrax spores remaining from buntd 
swine carcasses were brought to the sur 
face by the roots of the tree 


DIAGNOSIS 

Andirax should be suspected when vwme 
show cervical edema and dvs[jm.a How 
ever erysipelas or malignant cdtma dut to 
Clostndtum srf)ticum may also piovokc 
similar clinical sigm In malignant ultnn 
which in swine has also been called para 
andirax the edema will often be more 
prominent in the shoiildtrs or axdlarv 
spaces The edematous fluid and cnlargcil 
cenical or mcscntcnc lymph ghnds is 
seen on necropsy arc also verv suggesnvt 
of anthrax A history of the type of feed 
products eaten by Uit affected swme i< 
always of value 

The accurate diagnosis of Jiiihrax is 
very important and in most casts is de 
isciidciu upon the isolation and idtiiii 
ficaiionofif aulhraas lor these reasons 
the methods which have been used and 
found saijsfaciorv bv ibc authors will l>e 
described In swine, lympli glands from 
the affected ma-tcrvicil m the pluryn 
ccal or stpliccniic forms mcscntcnc m the 
mlcslinal form -in the tiimrt ol choice 
for baclciioIo„.cil cMmiiunoo I lie hlocxl 
or any of the oigam »ill conum II 
ant/iroru lit the mimil ilerJ of sc|mccmic 
jiidirix 

Microscopic Exominolion 

Inipresiion imcjrs i.cie raaJe h> tooth 
urn liic fretlil) nil tiilfjtc of the l>m| 

^un.I to a >hJe I he f'l';";;;;'' 

l.vcd by „eiitle I.ert rod .laitinl vilh 
rr. ttlLltite mrthxir.ie hhte for too .. 
met Ml rlhtiule it etli.i.1 '•h.rh „4.c 
ywd ir.ulu to imlrd .>1 l.rJlti i t ‘r J ■* 

,t nwliOII Olltd lltr Itooe ‘ ‘ 



294 


Section Ml BACTERIAL AND MYCOTiC INFECTIONS 


at the time of, or following, death Spores 
are formed by some of the organisms and 
these highly resistant bodies may remain 
\iable for years e\en under adveise condi 
tions Subsequently, the spores mav be in 
gested by susceptible animals and anthrax 
may develop 

Swine can presumably become infected 
in this manner however, because of the 
small number of spores likely to be picked 
up and because of the higher degree of 
resistance in swine it probably occurs only 
rarely Rather, anthrax in swine generally 
occurs following ingestion of feed which 
contains a large number of B anf/iracw or 
viable spores Swine which are permitted 
to eat die carcass of an animal dead of 
anthrax may consume large numbers of 
organisms and may therefore become in 
fected The use of bone meal or other am 
mal products containing spores of B 
atiihracts in feed is the most common 
source of infection m swme 
The role of feed contaminated with 
spores of B anthracis in the transmission 
of andirax can be illustrated by a brief 
account of the 1952 outbreak which oc 
curred m the middle western states This 
outbreak was unique in that the source 
of contamination was determined early 
and also, to our knowledge, represents the 
largest outbreak of anthrax from a single 
source 

During February, 1952, sick swine were 
seen by a veterinarian in southern Ohio, 
and he was aware of die presence of some 
dung unusual Andirax was suspected and 
tentative confirmation by microscopic cx 
animation was rendered widun a few 
hours Within two da)S final confirmation 
of die diagnosis was available Suspected 
cases followed in rapid succession m widely 
separated areas Within a week after the 
first case of andirax was recognized, die 
veterinarians m die Division of Animal 
Industry, OIuo Department of Agriculiurc, 
had collected sufficient information to point 
conclusively to feed as a source of die in 
fection As additional reports v>crc mvcsu 
gated, die feeds, although a number of 
different feed companies were involved, 
had one thing m common All contained 


bone meal obtained from a company in 
Columbus, Ohio A shipment of 100 tons 
of raw bone meal, imported from Belgium 
had been received in the plant Part of 
this had been incorporated into a meat 
scrap concentrate which was sold to a 
large number of feed companies These 
companies, in turn, mixed diis product 
into swine feed, so that many hundreds of 
tons of feed were involved and at this lime 
were scattered tliroughout Ohio and ad 
joining states The authors, and subse 
quently other laboratory workers, isolate 
B anthracis from the raw bone meal or 
the bone meal meat scrap mixture In 
many attempts the organism was not iso- 
lated from the mixed feeds to which the 
bone meal had been added, probably be 
cause of the excessive numbers of other 
bacteria present m such feed 

Immediate steps were taken by tiie 
Division of Animal Industry to prevent i 
further distribution of the contaminate 
feed The distributor of the bone meal 
ceased operation and attempted to recovc 
all shipments of the contaminated 
which liad not yet been used All mi’^ 
feeds whidi were known to contain n 
contaminated bone meal were reiurne i 
or held by the companies Because oi 
absence of identification or dates 
not possible in many cases to know vv u 
sacks of feed were or were not contaim 
nated 

Between February 22 and October - < 
1952, anthrax was detected on 258 farm 
in 57 counties of Ohio A total of _ 

and 19 cattle died of the disease Only o 
or two animals died on the majority o 
Uie farms, partly because of inime la 
removal of tlie contaminated feed _ 

due to tlie use of antibiotic thcrap) ^ ' 
was no evidence of spread of tlie j 

from animal to animal on die mice 
farms . 

By May, 1952, most of the conumunatc 
feed had been destroyed or rcturnc 
the dealers for reprocessing, and as a 
the disease incidence dropped 
promptly Occisioml cases did 
apj>car as for example, on one farm " ‘ 
ihc owner was told Uiat lits feed v>a$ » 



Chapter 18 ANTHRAX Ferguson and Bohl 297 


the unopened carcasses of animals dead of 
anthrax, few spores are formed except at 
the body openings When the animal is 
opened for a complete necropsy or when 
carnivorous animals are permitted to eat 
the carcass, there is usually extensive spore 
formation as the heavily infected blood 
and viscera are exposed to the oxygen of 
the air The most productive control meas 
ures include the complete destruction of 
the carcasses of animals dead of antlirax 
by incineration or by deep burial 

It is generally recommended, when an 
animal dies in tlie open that it be burned 
on the spot If the animal must be moved 
the carcass should be placed on a sled or 
other vehicle which can be thoroughly dis 
infected, and hauled, not dragged to an 
area for disposal When this is not possible 
deep burial can be used The carcass 
should be covered with lime and at least 
four feet of dirt AVhen carefully com 
pleied, either of these methods imU mini 
iiuze the diances of transmission of the 
infection 

A freshly prepared hot l)c soUaion (five 
per cent sodium h>droxidc) is tlic dism 
fectant of choice This preparation sliould 
be used to clean up the premises im 
mediately after the c*ircasses of the dead 
animals Invc been desirojcd Litter or 
other contaminated articles should be 
burned and the l>c solution used to scrub 
die exposed surfaces in buildings which 
arc possibl) contaminated 

Swine rarclj, if ever, pick up a sufficiciit 
dosage of anthrax spores from ihc soil to 
cause infection, and conscijucntl), the cpi 
^ootiolog) of anthrax in swmc dilfcrs from 
that in cattle, sheep, and horses I ht 
higher level of naiuril resistance m 
picsunubly accounts for the fici that a 
much larger dosage of /I authTacif i» re 
'piircd lo produce infcciion Ihus aiuJira' 
swinc IS almost always associaicd V'lth 
feed winch is more or less heavily conuim 
uatcxl In most cases the contaminated fee* 
‘ouunis pioducis of anuiul orsin mine 
*•1 "Inch came horn animals inlceted v»uli 
‘Uir/irufi* \lIowing swine to cat the 
carcuvs of an animal wlntli mas have ehcti o 


anthrax is an obvious example As de 
scribed above tlie outbreak m Ohio oc 
curred as a result of imported raw bone 
meal being mixed in swine feed 

rollowing the outbreaks of anthrax in 
ilie ^^uIwcst m 1952 which were con 
clusively traced to imf>oricd bone meal 
regulations were established winch pro 
hibit the importation of raw bone meal 
into the United States (Stein 1953) Bone 
meal processed by an acceptable steam 
treatment may be imported under these 
new regulations In addition to this fedcril 
regulation some stales have laws pertain 
ing to the operation of rendering plains 
and die use of animal products in feed 
riicse regulations have proved effective 
since die occurrence of andirax in swine 
has been limiied to only a feu cases in 
the past three years 


PREVENTION AND TREATMENT 

Since Pasteurs early work on imimini 
ration of sheep against anthrax, duit Iiivi 
been occasional rcjioris on improved meth 
ods of proicctivc imnniniration Ihtsc 
mcthcKis have been applied in swine onlv 
occasionally probably because of the 
siioridic occurrence of the disease in these 
species Schhngman et al (lyjfi) rcj>orteal 
(he use of an alum precipitated cuhuic 
filiriic m cattle, sheep and swmc 1 he 
product increased the rcsivunce of die itu 
iiumucd swmc however, the r«ulis were 
somewhat inconclusive since the coiitiol 
mimals were not nnifotmlv mfcctnl l»v 
ihc cluJlcn^c with /; rndhr cis It is sUr. 

1 esied however that immunuatmn wouUI 
uJiicc llic incKlaui nifccu.m >.hcn 
suinc arc c^l«rrcd I.. i.urrirc of /I 

anthiam Iininuniraiioii of ...nic on a 
li,,c iralc hal not Inrcn rcconimcn.lcf 
Innvircr nnic mine fioncri a Icrcl of 
iiafutrl liiiilanti. aciciinaic in l>ic>cm I c 
.!,«,c cx.c,.l follon.n„ l.carr ca|-..u.c ... 

" i"ca.'...rn> of animal. ...Irr...! .-..I. « 

.. ..o> ...■."■•”•1' 

.al...~. .. .eaeV.! Sure .o.,c.-a. .r 
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gray in color The alkaline methylene blue 
was immediately placed on the slide and 
within 5 seconds was washed with water 
B anthracis appears blue in color while 
the capsule is stained a light pink Often 
the body of the bacillus stains faintly and 
unevenly, suggestive of disintegration 
(Fig 18 1) 

Spores are not observed in slides pre 
pared from fresh tissue or from freshly cut 
surfaces Spore forming anaerobes are fre 
quently encountered m tissues of animals 
which have been dead several hours prior 
to necropsy Differentiation is important 
in such cases, and the following points are 
helpful Spores are rarely seen in B anth 
racis in fresh tissue preparations, while 
spores are regularly seen in clostridia In 
the latter organism the rod is usually en 
larged somewhat by the spore Capsules arc 
not observed on die clostridia 

Cultural Studies 

B anthracis grows readily on many 
common culture media and it is character 
ized by very rapid colonial development 
Typical colonies can be observed after 12 
to 18 hours of incubation This rapid 
growth IS useful m differentiating B anth 
racts from otlier patliogcns If other non 
patliogenic bacilli are present, animal m 
oculation is essential to be certain of 
proper identification 

B anthracis is readily cultivated from 
the enlarged lymph glands and it may also 
be demonstrated from die surrounding 
connective tissue in some cases In die 
occasional septicemic case die organisms 
can be isolated from the blood, spleen, 
liver— m fact, from essentially any tissue 
of the bod) Since B anthracis grows more 
rapidly than most of die saprophytic bac 
icna likely to be encountered, except other 
species of Bacillus, one should aluays cx 
amine the cultuics after incubation of 12 
to 18 hours 

The clostridial species commonly found 
m suinc, eidicr as pathogens or from 
post mortem invasion, arc strict anaerobes 
and diereforc will not giow on regular 
aerobic aiUurcs This simple procedure 


avoids placing reliance on the microscopic 
examination of the tissue when one is 
uncertain about the identity of rod shaped 
organisms 

During the latter part of the outbreak 
m Ohio m 1952, many deaths in swine 
were suspected to be due to anthrax but 
proved to be from other causes This un 
doubtedly resulted from the extensive pub 
licity given to the disease and from die 
fact that whenever a hog died a veter 
inanan was consulted Under normal con 
dttions the sporadic deadi would probably 
have gone unnoticed Many of these deaths 
were actually malignant edema A few 
cases of acute swine erysipelas were found 
and a few of the deaths were caused by 
salmonella infections 

CONTROL 

The control of die spread of andirav 
differs significanUy from die control ol 
most of the other important animal dis 
cases The highly resistant spore formed 
by B anlhacis accounts for this difference 
Some swine may become inapparcnt car 
Tiers, but there is httic evidence to indicate 
diat this forms an important source of lO 
fection to susceptible animals Otherwise, 
animals whicli become infected do show 
clinical signs and generally develop ^tn 
acute disease which terminates in deati 
within 1 few days Transmission from 
animal to animal rarely occurs, but railicr, 
soil contaminated by die organisms sctncs 
as a source from whicJi susceptible animals 
subsequently ingest the spores Because o 
this common form of transmission, anilinv 
can be controlled by preventing susccptih c 
animals from contacting viable spores o 
B anthracis 

Van Ness and Stem (1956) pointed out 
Uic importance of soil types in the suni'^ 
of anthrax spores The principal areas o 
ciuootic andirax are m regions cliaracicr 
ucd by soils high in nitrogen and wii 
adequate calcium Where sudi soil 
arc lacking (central and eastern states) 
andirax docs not appear to persist- 
Ilic s|>orcs can survive for years 
a variety of environmental conditions i* 
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Clostridial Infections 


Those microorganisms included m ihe 
genus Clostridium are the spore-forming, 
anaerobic bacteria. The young or \^cta' 
tive forms are rod*shaped, Gram*positi\e, 
and quite large, "When spores are formed, 
ihcy are spherical to ovoid and generally 
greater in diameter than tlic vegetative 
rod. The spores may be located centrally, 
8ul>icrminally, or terminally within the 
rod, but there is sometimes a tendency 
louard consistency of location within a 
given species; e g., the spores of Cl. telani 
lend to locate terminally, giving tlte so- 
called “drum-stick." or spoon-shaped ap- 
pearance. Many, but not all, arc motile by 
means of pcritriclious flagella when cid- 
tures arc )oung (Hagan and Bruner, 1957: 
Kclscr and Scliocning, 1918; Merchant and 
l^ackcr. 1956). 

The Clostridia may be divided into tv'O 
groups on the basis of their disc.asc-pro- 
ducing potentialities. One group consists 
of iliosc that have power to invade and 
muUiplj in tissues. They arc sometimes 
teferred to as the “gas gangrene" group, 
•^lany of them arc found in wound in* 
lections; oiliers, however, enter the bodj 


via the digestive tract The second group 
shows hillc or no pother of invasion but 
under the right conditions is ca[>iblc oi 
multiplying and producing cxircmelv 
powerful toxins This group includes the 
organisms of tetanus and botulism Snirc. 
in Ihe case of the latter, the wmii » he 
lieteU to be cliicny pre-rorracd, or forinetl 
outside die animal bod), and the iliscase 
is caused, under natural coud.lious, hy 
ingestion of tlic toxin (s) rather d'^" •''' 
organisms per re, botulism i.ill he dealt 
uilh separ.;tcly iu Chapter 33 uu.lcr See 
tioii V, Toxemias and Poisonings I he 
renwining dosu-idial infections, as they 
arctThic. are here discussetl under the 
Itcadiugs of blaeUeg, uialig.u.lt e. cma. 
aud tetanus. .Mthough " 

nous hemoglobinuria caused h> Cf. /.rmi> 

Miciini (Rccotils and lluher. l'J31) and 
an oulhtLl. of liciiimrliagic ciitem.i ap 
uatend) due to Cl. per/ri.igrili, ts|.c C 
’(Field and Gibson, I'Jaj) ' 

siribcl in sssiiie, die sstilcr icils dial these 
conditions ate not )ct of “df-rirnl 

■ I swine ti> warrant fuitlicr cm 


lortaticc 


lasis at this tunc. 


Blackleg 

blackleg is an acute, infectious sliscavc 
asvociatcil with high morialiiy. It »* pr»»^»’ 
a thscasc of cattle, less often of other 
tumnums. and rarely of swine. In rattle 
*he disease has also been known a* black. 


, black 11 


llds fan. n-ecdsef 1..1.I lie 
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^elop a more clironic form of the disease, 
treatment can be successfully administered 
in some cases. In tlie outbreak in Ohio in 
1952, penicillin in oil 'was used at a dosage 
le^el of 10,000 units per pound of body 
•weight. According to Goldstein (1957) 
pigs which were showing clinical signs of 
antlirax reco\ered completely after diis 
tieatment and the losses were reduced con- 
siderably when the disease was recognized 
early m its course Anthrax antiserum in 
doses of 20-75 ml was also used in treat- 
ment of a limited number of animals. The 
results were comparable to those following 
treatment with penicillin in that the pigs 
whiclr were in the early stages of anthrax 
recovered promptly 

CONCLUDING REMARKS 

Anthrax m swine is a sporadic disease 
which occurs only when tlie animals have 
access to contaminated feed. Consumption 
of the carcass of an animal dead of anthrax 
or of feed containing contaminated animal 
products, such as bone meal, is the usual 


history. However, anthrax in swine should 
be viewed as an important disease, since 
tliese relatively resistant animals may be- 
come carriers or may serve as a source of 
infection to the more susceptible species 

The type of soil appears to be important 
to the survival of B. ajithracis, and in a 
favorable soil area swine may maintain the 
disease and spread it to new fields, thereby 
increasing tlie chances of infection of cattle 
and sheep. 

Incineration or deep burial of all 
animals which die of antlirax and complete 
disinfection of die contaminated area will 
assist in reducing the incidence of tins dis- 
ease. The practice of permitting swine 
or other carnivorous animals access to the 
carcasses of animals dead of undiagnosed 
disease should be discouraged. Caieful 
control of the processing of animal prod 
uots for swine feed to insure destruction of 
anthrax spores and the importation of 
bone meal or other animal products only 
after proper processing to destroy any 
spores will greatly reduce, or eliminate, 
anchra.x in swine. 


REFERENCES 

Bshnnan, a D J 1953 Anihrax, ivilh special reference to the receni outbreak in ptg* 

Rec 65 255 

Broivn, E R, Cherry, W B. Moody, M D, and Cori>ov, M. A.: 1955 The induction of 
moulit) in Bacillus sublilts by means of bacteriophage lysates Jour. Bact 69 590 

Goldstein, H 1957 Personal communication 

HimRA, F, Marek, J , and Manmvcer, R 1938 Pathology and Therapeutics of the Diseases 
of DomesUe Animals, Vol 1, p 13 Alexander Eger. Chicago. 

Nordberc, B K 1953. Continued insestigations of some important characteristics m anthrax- 
like microorganisms as viesved from a point of view of diHerenual diagnosis. Nord Vet 
Med 5 91S 

ScHUNGMAN, A. S, Deilin, H B, VVkicht, C. G, Maine, R. J, and NfANNivc, M. C 195G- 
Immunizing activity of alum prccipiUtcd proiecUie antigen of Bacillus anlhracts m 
cattle, sheep and swine, Amer. Jour. Vet. Res 17.256 

Steiv, C. D 1952 Anthrax in the United States and its control. Proc. U. S Livestock San 
Assn , p 07. 

- 1953. A review of anthrax m livestock during 1952 vvith reference to outbreaks m the 

first eight months of 1953. Proc. U. S Livestock San. Assn, p. 101. 

• 1955 Anthrax in livestock during 1955. Vet. Med. 51.539. 

, AND Van Ness, G. B : 1955. A ten year survey of anthrax in livestock willi special refer 

ence to outbreaks in 1954. Vet. Med. 50.579. 

Van Es, L.; 1937. Anthrax m swine |our Amer. Vet. Med. Assn 90 331. , 

Van Ness, G, and Stein, C. D: 1956 Soils of the United States favorable for anthrax. jo“ 
Amer. Vet. Med. Assn, 128.7. 



Chapter 19 CLOSTRIDIAL INFECTIONS C C Mornll 301 


cision o£ the affected area usually re\eals 
serous or sero hemorrhagic exudate in the 
subcutaneous and intermuscular connec 
live tissues with a varying but generall) 
mild degree of gaseous admixture Inasion 
of the muscles themselves shows, charac 
tenstically, darkening of the muscles and 
small cavitations or gas pockets witliin 
them The cut surface of the muscle is 
relatively dry, and the freshly incised tis 
sue emits a butyric acid like or 'rancid 
butter odor The contiguous lymph 
nodes may be si\ollen, reddened, and e\en 
emphysematous In addition to the local 
ized lesion, there may be mild sero fibrin 
ous effusions in the serous cavities, he 
patic enlargement with or •without the 
presence of visible gas bubbles, or both 
Evidence of septicemia may be present in 
the form of limited petechial or cccliy 
motic hemorrhages, particularly on tlie 
serous membranes The blood is dark red 
and clots well 

Microscopicall), the muscle lesions re 
Ncal necrosis, hyaline degeneration, cavita 
tions due to the presence of gas bubbles, 
hemorrhage, and some edema and Icuko 
cyiic infiltration Necrosis is prominent 
loiNard the center of the lesion, and leuko 
cylic infiltrations are more marked toward 
the periphery 

diagnosis 

Blackleg must be differentiated particu 
larly from anthrax, malignant edema, and 
other forms of cellulitis Diagnosis >s 
based chiefly upon the results of patno 
gcnicity and scrum proicciion tests lol 
lowing isolation of die causatisc organism 
In most cases the localized lesions found 
at nccro[)sy will suggest the alicrn3ti>cs 
of blackleg or malignant edema Most 
other forms of cellulitis sull be character 
ucd by purulent exudates Anthrax in 
iwinc tends to localize m die rciropharyn 
{>eal or ixrripharyngcal areas causing re 
spiratory distress diiough edema of tlic 
larynx turdicriiioic. the likelihood ol 
anthrax or of blackleg, when present, w 
often suggested by liic clinical Instory 
InsoUcnjcm of the muscle tissue, wit i 
redduh la blackish discoloration, ga* 


pockets, and relative dryness of the cut 
surface, suggests blackleg Primary in 
volvemcnt of the connective tissues, with i 
more moist cut surface due to edema and 
hemorrhage suggests malignant edema 
However, since the variations in the lesions 
are often more quantitative dian qiulita 
live and since the organisms of botli dis 
eases are often found together m the same 
disease process, a reliable etiological diag 
nosis usually cannot be made upon the 
basis of the lesions alone but rather dc 
pends upon isolation of the causative or 
ganismfs) and the results of pathogemcitv 
and/or protection tesu Guinea pigs and 
rabbits appear to be the animals of choice 
for padiogenicity tesu since the gumci 
pig IS susceptible to bodi infections wink 
the rabbit slious considerable resistance to 
Cl chauvoci The hamster also is report 
cdly aery susceptible to the blackleg or 
canism while the mouse is moderately sus 
ccptible Mice arc useful in protection 
tesu being susceptible both to the orgin 
tsm of blackleg and to that of malignant 
edema and having the advantage of rc 
quiniig small doses of culture atid proiec 
live immune sera 


•REATMENT 

Umil the advent of the aimbioucs thcic 
vas ImJc hope of successful treatment of 
,bcllcg A.lLcn ( 1910 ) icporlcd llnl 
Knicilliii IS cltcclisc m crnlc wliul uicd 
arl, I’crmil cl 0/ (1993) rc|»rlcd Uui 

\urcom)c.i. .s cITcclisc n. sl.ccp IK-c. m,. 
he ircalmcnt sliDidd Ik 8“'^" 

■otent aiiliscnim can be made, bin it. n'C 
„ irnlmcnt ol blacLlcg can Inrdls Ik 
mlificd nlicn m con and circcmcncn aic 
lompatcd tn tlinsc ot die amibiolic. H 
ceme licatincnt o[ snine apparcnils has 
lot )Cl been tclKilcd 
MMUNirf 

rlie inticqucnl occiiticme ot blaclIfH 
1 , sninc hal laded to niiniilaie xldopirad 

or doubt diat pig. oould "> 'ini 
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of infecting pigs artificially, has caused 
several ivriters (Meyer, 1915, Heller, 1920, 
Hutyra et al , 1949, Kolle and Wassermann, 
1928 Glasser et al , 1950) to express the 
opinion that swme aie immune Eggleston 
(1950) described a disease resembling 
blackleg in pigs in which an organism was 
isolated resembling that of blackleg mor 
phologically and which was lethal for 
guinea pigs but not for rabbits Sterne 
and Edwards (1955) have described a dis 
ease resembling blackleg in swme from 
ivhich the blackleg organism was isolated 
The pigs were being kept on premises 
where the practice of keeping cattle had 
been discontinued on account of severe 
losses from blackleg Gualandi (1955) re 
ported an outbreak of Cl chauvoei infec 
tion causing death of 15 out of 34 pigs 
within a period of 2 days 
The disease in cattle is seemingly found 
wherever the cattle industry is important 
Alan apparently is immune Guinea pigs 
and mice are susceptible, rabbits and ms 
are relatively resistant 

ETIOLOGY 

Although Orfeur and Hebeler (1953) 
reported tihat appeared to be a typical 

only ''hich 

Wachle n” was tsolated, 

m mi?./" presumably 

as known 

Bccllus /«en. Bad 
lus InthralT'^ ™Ph^ematose, and Bactl 
fonn ts a large'"firS M 

ebanis or 11? /? “™“”es in short 

-ot.irby'ml"”"/;' '^-"S-^-esare 

and are Grarpontne ‘iT/'" 

less inotihly and take it ®how 

ralically ’ " ‘ ‘•'e Gram stain cr- 

anacroU* nd " relatively strict 

qmrcs the aduC^ 0 *^“/,:; ^ Ik 
most media for growili ^ 

brain media with slightly alkal? 

Imsr results Ihc origanum ,/ 

l).,ca,ull.qner.csge1,,™J-;3r„mm 


when serum is incorporated Older oil 
tures emit a butyric aad odor WTien 
anaerobiosis is complete, surface colonics 
can be grown on blood agar Hemoljsuis 
slight Carbohydrates which are quiw 
regularly fermented witli the formation of 
acid and gas are glucose, galactose, lactose, 
levulose, maltose, and suaose (Hagan and 
Bruner, 1957, Kelser and Schoenmg 191S 
Merchant and Packer, 1956) 

PATHOGENESIS AND CLINICAL SIGNS 

Clostridium climwoet apparently lot® 
only a relatively weak exotoxm The ex 
part which it plays m pathogenesis is Jt 
known, but it probably is not the » 
important letlial factor The , 

apparently can enter the body na 
or the digestive tract Reacliing 
of predilection, which is usually in 
muscle, the organisms multiply hy 
and produce acute inflammation " 
siderable gas formation, fc'sr, . 
mia, toxemia, and death P? , full 
data on blackleg in swme “Jf.-eocs. 
descripuon of the symptoms m 
Since the lesions resemble ^Ptoini 

It might be assumed tliat ^ ..f lo 
would^Uo follow a 
those in tliat species xnc r , > .,or 
lameness when the heaiily * r 3 co’d 
tions of the body are ga$ » 

swelling witli crepitauon ,n 3II 

plentiful in the lesion, ana 0 ^^prc-xii 

cases seems assured, ns we 

and rapidly progressive w , 

pression The disease runs 1 

in 1 to 3 days 

PATHOLOGICAL CHANGES 

Localized swelling o\er bc^J 

the hea\ily muscled ... .pus 

may be so marked as to *^5 31,00 

the carcass is opened I , ^ lx- 
often be determined Uien as 
fore death or more so. 
may continue to cany on 
for some time after ' „c 

may also be so small as 
search or even to cs^^lj^; cncouni^^^,!. 
lesion is most likely to f.,, unlade*’ 

die hind quarter, loin, or 
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mails vialigjii II, D oedematis thermo 
philus, B gigas) or Clostiidiiim perfnngens 
(Cl welclui) (Geiger, 1929) In fact, the 
flora IS sometimes multiple Certainl) Cl 
septicum IS widely regarded as the most im 
portant cause, both m swine and in other 
species It will be so regarded here 

The \egetative forms of Cl septicum aie 
0 5-0 6 /a by 2-8/1 in size with rounded ends 
and they occur singly or m drains or long 
filaments Spores are oval and central or 
subterminal Young cultures are motile 
and Gram positive, but with age lose both 
properties It is, perhaps, not as fastidious 
in growth requirements as Cl chauvoei, re 
quinng less strict anaerobiosis and less en 
nchment of media Deep agar colonies are 
cotton like and filamentous Gelatin is 
slowly liquefied Among the carbohydrates 
usually fermented with production of aad 
and gas are glucose, galactose, lactose, levu 
lose, maltose, and salicin A lOKin is pro 
duced, the lethal portion of which is desig 
nated as the alpha toxin and the hemolytic 
portion as the beta toxin The toxin is 
potent enough that filtrates of a 24 hour 
culture, when injected intravenously m 
0 5-1 0 ml doses, usually kill guinea pigs 
or rabbits (Hagan and Bruner, 1957, Kel 
ser and Schoening 1948 Merdiani and 
Packer, 1956) 

PATHOGENESIS AND CLINICAL SIGNS 

Mullally (1941) has likened the relauon 
ship of anaerobic infection with gas gan 
grene to that of pyogenic bacteria with sep- 
ticemia. That IS, the bacterial mfecuon may 
often occur without the fully develope 
sequel He states tliat Cl septicum and Cl 
perfnngens (welchii) are the most danger 
ous of the spore bearing anaerobes from die 
standpoint of gas gangrene He goes on to 
state that masses of damaged or devitalize 
tissue, especially when deeply situated or 
confined in such a way that tlie products o 
infection cannot escape, are conducive to 
ps gangrene or malignant edema 
Wounded muscles are peculiarly dispose 
‘o help provide the right conditions sin« 
‘ujury causes reflex contraction wlncli pul s 


the damaged fibers apart creating a cavity 
Hemorrhage and swelling occur within die 
muscle sheath, prolapse of muscle, fascia 
and adipose tissue close the wound open 
mg and a suitable environment for rapid 
multiplication of the organism and for 
mation of toxin is created Thus wounds 
m the more heavily muscled areas are moie 
likely to develop malignant edema than 
those m skin subcutis, bone, or even brain 

Different strains of Cl septicum and Cl 
perfnngens vary in their abihues to pro 
duce hyaluronidase Addition of testicular 
hyaluronidase greatly alters the character 
1 s 1 1 c s of non hyaluronidase producing 
strains causing rapid extension of the 
edema (McLean and Rogers 1943) Most 
strains of these species produce an active 
fibrinolytic substance (Reed et al 1041) 
Both of these substances -if, indeed, they 
are separate -probably play important 
parts in spread of the toxin and the infec 
txon 

It IS believed that dealli and probabl) 
most of the odier symptoms of malignant 
edema are due to its toxin (s) In the case 
of Cl sepUcum, the beta toxin, whicli has 
hemolytic action, has been idenuried as 
desoxynbonuclease (Warrack ct al , ISaJ) 

kellaway el al (1941) insesugated the ctr 
culatory effects of intravenous injection of 
Cl seplicum toxin in the cat and rabbit 
Bodi species shotted a specific effect on the 
heart, resulting m a fall in sjstemic and 
rise in venous blood pressures In isolated, 
perfused hearts, both a direct action upon 
die muscle and coronary vasoconstriction 
„ere observed In both species a pul 
Nonary vasoconstr.cuon apparently plajcd 

a part in failure of the heart 

Malignant edema ts cl.aractcriicd locally 
bv soft tn doughy stiellings vtliicli develop 
md”prcad radicr rap.dl) There ts usunllv 
little or no detectable crepitation Localioii 
or sue of die spelling, or boili, maj tnicr 
toe vvidi locomotion Genera maiiife. 
mioits of the disease include fever, anm 

vtcakness, depression, and death T 

rrof d- 

a few hours to 2 or 3 
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available antigens In fact Sterne and Ed 
uards (1955) report evidence which sug 
gests that they do 

The evolution of effective blacUeg anti 
gens started with tliose of Arloing et al 
(1887) and Kitt (1888) and progressed 
successive!) through the natural a^essin 
of Scliobl (1910) and Franklin and Has 
lam (1916) and the artificial aggressm of 
Nitta (1918) to the bactenn of Leclainche 
and Vallee (1925) The bactenn has been 
used extensively in cattle in this country 
and has proved to be a safe, reliable, and 
relatively inexpensive immumzing agent 
The cultures are concentrated, formalized, 
and m some cases have alum added to 
Uiein to retard absorption and enhance the 
antigenicity In view of the common co 
existence of Cl chauvoei and Cl scpttcum 
in die same environment and even the 
same sick animal and the common neces 
sity of animal inoculation tests for accurate 
diagnosis, it has become a common and 
successful practice to use bivalent bacterms 
made widi these two organisms They also 
have been used m swine. A highly potent 
antiserum can be made for protection 
against Cl chauvoei, but its use is seldom 
justified, especially m swine 

EPIZOOTIOLOGY AND CONTROL 

Mercuric chloride and formalin are 
probibjj the most c/Iecine of the chemtcsl 


disinfectants against Cl chauvoei The 
spores are said to be killed by mercuric 
diloride in 1 500 solution in 10 minutes 
and by 3 per cent formalin in 15 minutes 
Coal tar disinfectants are also said to be 
effective In view of their susceptibility to 
disinfectants, it is perhaps surprising that 
the spores resist 100° C dry heat for several 
hours and boiling water for almost 2 hours 
In spite of the resistance of Cl chauvoei 
spores to natural influences, special con 
trol measures for prevention of blackleg m 
swine are seldom needed, due apparently 
to a significant natural resistance to the 
infection It seems clear diat pigs need 
not be immunized against blackleg as a 
routine measure If it becomes necessary 
to subject them to exposure, or to expose 
them to soil contaminated with blackleg 


spores within the previous 8 to 10 years, it 
would seem advisable first to protect tlieni 
against the infection by using the Cl 
chauvoei septicum bactenn In ns spore 
form, Cl chauvoei is extremely resistant 
and may retain m virulence in soil for 
several years It probably enters tlie bod) 
of tlie pig via Uie digestive tract However, 
it must be admitted that natural resistance 


ight afford sufficient protection even 
jainst sudi exposure Administration of 


t8 hours (Eggleston, 1950) 


Maligna 

Malignant edema is an acute and usually 
fatal wound infection disease of animals, 
including swine Its broad array of sus 
ccptiblc hosts includes cattle, sheep, swine, 
horses, m m, dogs, cats, guinea pigs, rabbits, 
mice, and pigeons Susccpiibiiity vanes 
from horses and sheep, which arc highly 
susceptible, to dogs and cats, wludi rarely 
contract the disease under natural condi 
lions In sheep it also causes a disease 
known as braxy, which is prevalent in 
norihcm Europe It is believed that the 
organism of this disease enters the bod) via 
the digestive tract since the primary lo 
cation IS the abomasum It is present iii 


t Edema 

the soil and is widely distributed over the 
world Whether it multiplies in the sod 
IS unknown, but it has been tliought to m 
crease in soils rich in organic matter (Var 
nell, 1919) 

ETIOLOGY 

Malignant edema is generally regarded 
as due to Clostridium septicum (Vihuou 
sepUque, liaciUus scpticus. Cl or h oedc 
matts mahgtit), and rightly so Ho»cvcr 
diseases indminguishablc from malign^nj 
edema except by careful bjctcrioIo,,ici 
studies arc occasiomlly due also to CloiWd 

mm iwvyi (Cl oedematiens, VactUus oede 
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EPIZOOTIOLOGY AND CONTROL 

In other farm animals malignant edema 
IS sometimes associated with parturition 
apparently through contamination of 
lacerations incurred during the process 
Geiger (1929) says that gas edema (pre 
sumably malignant edema since he re 
garded Cl novyi, Cl septicum, and Cl 
welchit as causes) in swine may originate 
in skin wounds of various kinds such as 
subcutaneous and intramuscular injections 
and tail bleedings, and that the local le 
sions occur close to the portal of en 
tnnce In two cases in which the lesions 


involved the stomacli wall, the infection 
presumably entered via the mouth and 
wounds in the gastric mucosa In the 
writers experience, nearly all cases have 
been associated with hog cholera immuni 
ration procedures Since we know that 
the causative organisms are widely dis 
tributed in the soil and are highly re 
sistant to natural influences when in tlie 
spore form it logically follows that the 
most practicable and effective means of 
control is the use of proper sanitary tech 
niques in all surgical and vaccinal pro 
cedures 


Tetanus 


Tetanus (lockjaw) is a wound infection 
disease characterized by intoxication ac 
companied by spasmodic tome contractions 
of voluntary muscles All the common 
types of livestock are susceptible except 
poultry, which are relatively resistant 
Hagan and Bruner (1957) state that it 
tequires about 350,000 times more toxin 
per gram of body weight to kill a chicken 
than IS needed to kill a horse A list of 
the more highly susceptible animals would 
include man, horses, asses, mules, sheep, 
and goats Swine are more obviously sus 
ceptible when young, since a high per 
centage of cases occur at an early age, 
however, diis may be at least partly due 
to the greater opportunities for infection 
at that time The common laboratory am 
mals also are susceptible The distribu 
tion of the disease is essentially world wide, 
but it occurs most commonly in old farm 
ing areas with large livestock populations 
and heavily manured land 

etiology 

Tetanus is caused by die toxins of 
ClostTidtiim telatii (Bacillus tetant, Nico- 
laier’s baallus) The vegetative form of 
the organism is a slender rod, 0 4-0oi* 
"*de and long In young culture it 

motile by means of peritriclious flage a 
anti IS Gram posime With age it sums 
crraticaUj, usually becoming Gram nega 


ttve It may occur singly in short chains 
or m filaments Spores are usually termi 
nal in location and 2 to S times the di 
ameter of the vegetative rod giving the 
sporulated rod the appearance of a spoon 
or drumstick It grows well on artificial 
media under fairly good conditions of 
anaerobiosis, particularly if glucose is add 
ed for enrichment Gelatin is liquefied 
and blackened Deep agar colonies are 
fluffy and spherical None of die common 
carbohydrates is fermented (Hagan and 
Bruner, 1957, Kelscr and Sclioening, 1918, 
Merchant and Packer, 1956) 

Cl tetam and the disease which it pro- 
duces are of historical interest The dis 
ease has been known and greatly feared 
for centuries As early as die foiirdi cen 
tury nc. physicians bclicicd 
"med by die wind (Yu, 1930) In 1881, 
Carle and Rattonc produced tetanus m 
a rabbit using material from a person who 
had died from ' lockjaw ’ The same year, 
Nieolaier produced die disease in rabb.is 
Eomca pigs, and mice by inoailating dtem 
w“d. garden sod In 18S9 Kiusato, using 
anaer^ie nicdiods, isolaled die oiganmn 
m pure culture and reproduced die dis 
ease m susceptible animals widi die pure 
Zuurc The following year (1890), son 
Behring and Kiusalo published mlotnia 
lion rcrarding die fonnaiion of loxins by 
Cf tS, showed that rabbm could lie 
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PATHOLOGICAL CHANGES 

Incision of the affected parts reveals an 
abundance of amber to blood tinged and 
watery to gelatinoid fluid While muscle 
tissue may be affected, as evidenced by dark 
red discoloration and edema, the edema 
fluid IS more plentiful in tlie loose connec 
tive tissues such as tlie subcutaneous and 
intermuscular connective tissues Emphy 
sema is generally mild Petechial or eccliy 
motic hemorrhages may be found in the 
serous membranes, and blood tinged serous 
fluid IS often found in excess in the serous 
cavities Lymph nodes contiguous to the 
infected area are markedly swollen, hemor 
rhagic, and edematous, however, the spleen 
usually shows little cliange Heart, liver, 
and kidneys may show albuminous degener 
atvon, and acute general venous conges 
tion may occur as a maniCestauon of heart 
failure from intoxication The blood is 
often dark and rather poorly clotted, par 
ticularly when passive congestion is 
marked The primary lesion is found at die 
point of infection Thus the location pos 
sibilities are numerous However, m the 
author’s experience, malignant edema of 
swine has almost always been associated 
with the hog cholera immunization pro 
cedure (see below) 

DIAGNOSIS 

Malignant edema can generally be differ 
eniiated from anthrax in swine on the basis 
of history and lesions Anthrax occurs in 
dependently of vaccination procedures, and 
tlie lesions usually localize in the pen 
pharyngeal area, bringing about asphyxn 
through laryngeal edema It also shows al 
most no muscle involvement and no gas 
formauon Although the gas gangrene type 
of wound infection in swine is usually due 
to Cl sepUcum or Cl perfringens, blad*Jcg 
can occur and may be confused with it As 
indicated m tlie discussion of blackleg, and 
to further confuse the picture, infections 
with two or more organisms of tins group 
may occur simultaneously Therefore, iso 
lation and identification of the enusauve 


organism (s) constitute die only reliable 
diagnostic means Even then there is room 
for error, since Cl chauvoet may escape dc 
teetjon in dual infections due to the mask 
mg or overgrowing effects of a less fasud 
lous and more rapidly growing Clostnd 
luni Probably the most practicable means 
of identifying die organisms m culture or 
body fluids is by means of serum protection 
tests m susceptible laboratory animals 
However, it has been observed by Dafaala 
and Soltys (1951) that Cl septicum agglu 
tinates the erydirocytes of various species of 
animals in a manner similar to certain fil 
trable viruses This hemagglutination can 
be neutralized by specific antisera Thus 
the teclinique might, under some condi 
tions, find use m identification procedures 

TREATMENT 

Probably the most effective treatment of 
malignant edema is by large doses of pe*' 
iciUin and specific immune serum Since 
there is insufficient ume to identify the 
organism (s) before instituting treatment 
and in view of the cost of antisera, penici 
lin alone is probably the most practici 
treatment In treatment of expenmenta 
clostridial infections of mice, the broa 
spectrum ’ antibiotics, Terramycm 
reomycin, also have exerted favorable effec 
against Cl septicum (Taylor and Nova 
1952) The greater value of local over s)s 
temic treatment was emphasized in ^ 
port, however, more information is nee e 
regarding treatment of swine 

IMMUNITY 

Antisera and antitoxins can be produced 
for use against Cl septicum, but they nn 
their chief use m die laboratory 
ized Cl septicum bactenn, especially 
combination witli Cl chauvoet, is die nio 
practicable immunizing agent for \ete 
nary practice, even so, its use is seldom ju 
tificd in swine Numerous products, i 
eluding toxoids, bacterins, and 
are available for use in combating Cl P 
fungens infections in animals, but ^ 
use, likewise, is seldom justified m swin 
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FIG. 19.1 - Idiopathic 
tetanus In pigs one 
week of age; infection 
may have occurred 
post-natally via the 
navel. Note "saw- 
horse" attitude caused 
by tetany of the strong 
extensor muscles. (Photo 
courtesy Department of 
Veterinary Pathology 
and Hygiene, University 
of Illinois.) 



washed spores of the organism, when in 
jected into healthy tissue, do not germi- 
nate, presumably because the oxygen ten- 
sion is too high in such tissue However, 
if a culture of the organism, which also 
contains toxin, is injected, germination 
occurs and the disease results Likewise, 
It has been shown that the disease results 
With regularity when washed spores are 
introduced along with calcium cliloride 
solutions (Bullock and Cramer, 1919)^ 
Thus it appears that tetanus spores germi 
nate only in dead or injured tissues or those 
which are altered in such a way as to 
result in lowered oxygen tension. In ad- 
dition, it has been observed that tetanus 
toxin so affects the leukocytes as to inter- 
fere with positive chemotaxis and phago- 
cytosis of the spores (Delaunay, 1943)- 
The first symptom is a mild stiffness of 
muscles which may be local but is more 
often general. The progress of the disease 
n generally rapid enough, hoivever, tliat 
the signs are distinctive within 24-36 hours 
of their initial appearance. The cliarac- 
terisuc manifestation, from wliicli the dis 
ease is named, is that of tonic or teunic 
spasms of skeletal muscles. Although all 
such muscles are affected, die stronger ones 
oiercome their ueaker opposing muscles 
and produce the attitudes characteristic 
of die disease. Thus tetany of die niusdcs 
of die back, neck, and tail produces ortho- 
tonus and even opisdioionus, tetan) o 
[he muscles of the limbs produces a 'saw- 
horse" attitude, the extensor muscles being 
suonger dian the flexors (Fig 19.1) , 
of die muscles of raasiicaiion causes loi^- 
jaw.” Difficulty in locomotion may 


manifested first in turning or backing, but 
the animal soon finds it difficult or impos 
sible to walk or even stand (Fig 19 1) 
Pigs often show unusual erectness of die 
ears and some protrusion of the nictitating 
membrane (Fig 19 2) Spasms of tile 
muscles of respiration permit only shallow 
and therefore rapid breathing Tachy 
caidta may be quite noticeable 
As the disease progresses, tlie animal be 
comes apprehensive and hypersensitive to 
sensory stimuli. Sudden movements, sharp 
noises, or a slap will cause or intensify the 
muscle spasms and protrusion 
ritaung membrane In pigs 
almost always generahred and fatal. This 
is especially true of very young pigs, of 
ivhich tiie smler lias never seen one sur- 
nve. Death undoubtedly is due to anoxia 
from interlerence wnli respiratory anti 
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immunized against the toxin by tlie in 
jection o£ small doses, and demonstrated 
that the blood serum from such rabbits 
could neutralize tlie toxin m vitro or in 
vwo Thus It was in connection with 
tetanus that (1) anaerobic techniques 
i\ere first used, (2) bacterial toxins were 
first demonstrated, and (3) the foundation 
for serum therapy was laid 

PATHOGENESIS AND CLINICAL SIGNS 

Cl tetani gains entrance to the body via 
ivounds The disease results most com 
monly from deep, penetrating, or puncture 
wounds those in which there is consider 
able tissue damage and those grossly con 
taminated with soil or manure Probably 
the most common portal of entrance in 
sivnne is via castration wounds Occasion 
ally infecuon appears to occur via the 
unhealed navel shortly after birth, via the 
dental alveoli dunng eruption of teetli, or, 
possibly, through wounds caused by un 
clipped canine teeth or ’ tusks ’ There re 
mains a small proportion of cases in which 
no likely portal of mfecQon can be demon 
siraicd these are often referred to as ‘idio 
patliic tetanus Some such cases probably 
result from infection of small wounds 
uhich heal before letany appears 

Under favorable conditions the spores, 
having been earned into tlie wound, be 
come vegetative, multiplying and forming 
loxm at die original sue The toxin m 
dudes tctanol^sm, a licmol)tic portion, 
and letanospasmin, the more important 
lethal fraction (Fleming, 1927) Tetanus 
loMii is one of the most poisonous sub 
stances known The organisms show little 
tendency to spread to other parts of the 
bod) However, the toxin, whidi is formed 
within die bacterial cell, apparently passes 
b) diffusion out into die surrounding med 
luni or environment and then spreads 
(Stone, 1951) to the central nervous sjs 
icm where it seems to produce lU most 
dire results 

There IS no unanimity of opinion re 
garding die route b) which the to\in 
readies die brain Me)cr and Kansom 
(1903) formulated the nerve transport 


theory, and Abel et al (1935) concluded 
that the toxin reached the brain only via 
the arterial blood after absorption from 
the site of local infection by blood and 
especially, lymph Both theories hate had 
support, but the nerve transport theory 
appears to deserve and receive greater 
credence (Doerr and Seidenberg 1935 
Zuger and Friedemann, 1938, Friedemann 
etal, 1959, 1941) Hogger (1939) noted 
phenomena which he said were explain 
able by neither of these dieones He 
pointed to diffusion of toxin dirough die 
tissue spaces and an effect upon di^ 
muscles through action on die nerve tis 
sue 

Yokoi (1954) believes that the tetanus 
toxin not only becomes fixed in the cen 
tral nervous system tissues, but is changed 
into some new toxic substance, differing 
from sirydinine m diis respect He be 
lieves that the reflex convulsions result 
from the effects of the toxin on the spina 
cord, while ngidiiy of muscles it rest is 
under control of die brain Therefore, 
when tetanus toxin is injected direcuj 
into die brain or into the mam cerebra 
arteries, the animal dies wiihm a shor 
time widiout showing typical tetany 
hs et al (1952) reported diat transection 
of the spinal cord in die lumbar region 
prevents deadi m rabbits (sucli as occurs 
in controls) following injection of letanu 
toxin into die sciatic nerve trunk It 
inferred that transection of die spina* cor 
interrupts the pathway by wIiicJi the to’^' 
must reacli the vital centers of die nicuu 
oblongata to cause death Ponoiiiar ‘ 
(1928) concluded from investigiuons 
tetanus in dogs that lymph in the nerv 
trunks has a dcfiiiiic unuitcrriipted cc ^ 
tripctal flow which plays a part ni carrvmj, 
the toxin to the brain 

The incubation period for icnniis • 
usually 1 to 3 vsccks but occasional^ 
shorter or much longer I he length o i 
incubation period is probably induciu^^ 
not only by the numbers of lnfccllII^' ^ ^ 
ganisms but by the conditions set “F . 
the contaminated wound and 
by die amount of tissue daiingc . 

It has been shown, for txaniple*. t 
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precipitated to\oid will produce appreci 
able immunit), but 3 doses about 3 weeks 
apart provide excellent protection for a 
year or more, which is longer than most 
market hogs are kept Breeding stock can 
be gi\en a “booster ’ injection in the e\ent 
of a dangerous wound 

EPIZOOTIOLOGY AND CONTROL 

The spores of Cl telant are e\tremel\ 
resistant, and there are no practical means 
of eliminating them from the ensironmeni 
Losses from tetanus, though generally 
sporadic, may be enzootic due to heas") 
concentrations of spores in the soil and 
inadequate precautions against the disease 
Kaplan (1943) reported, for example 
deatli of about 60 pigs in two outbreaks 
constituting losses of about 10 per cent 
There remain three points at whicli at 
tempts can be made to break the cycle of 
disease First, since it is a wound infection 
disease, e\cry effort should be made to 
prevent tlie incurring of unnecessary 
wounds by removang from die environment 
any sharp objects such as bare nail points 
projecting from boards and by dipping 
the sharp points from die tusks or ‘needle 
leeih of newborn pigs. Secondly, a clean 


environment should be provided so far as 
possible eg farrowing pens should be 
periodically sanitized and kept is free of 
manure as possible, umbilical cords sliould 
be aed off and treated with aniiscptif 
soon after birdi, and pigs should be turned 
out on dean pasture - not into mud holes 

after castration The castrition open 

uon should be performed with every rti 
sonablc precaution to asepsis and establish 
ment of good wound drainage If all ditsc 
precautions arc duly observed tetanus is 
not likely lo follow Thirdly, if all tlicst 
precautions do fail or if not all can lx 
properly carried out there remains tin 
possibility of immunization In fact still 
another prophvlacuc measure has been 
suggested by Novak e/ al (1919) Uork 
mg with mice, tlicy demonstnied consul 
enblc prophylactic value from admimsttr 
mg procaine penicillin G in oil within o 
hours after infection Such injccuons wcit 
followed by maintemncc of ihcnuxrutir 
blood levels for |>criod$ up to I days I hiir 
observauons suggest tint use of some ol 
the sull newer and possibly longer acting 
penicillin preparations may be of coiuid 
irabic praaical viluc in tetanus propliv 
la\i$ 
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PATHOLOGICAL CHANGES 

Rigor mortis appears early in the animal 
dead from tetanus, however, there are no 
significant gross lesions characterisuc o£ 
tetanus The blood is usually dark red and 
may be poorly clotted Pulmonary con 
gestion and edema may be noticeable 
There may also be a few petechial or ec 
chymotic hemorrhages in the serous mem 
branes In humans, Baker (1943) has re 
ported histopatliological evidence of ir 
reversible damage to motor nuclei of cer 
tain cranial nerves which may explain 
death from respiratory and/or cardiac 
failure However, similar studies in swine 
apparently have not been reported 

DIAGNOSIS 

Despite tlie fact that there are no charac 
tcnstic gross lesions m tetanus, the diag 
nosis usually presents no particular dif 
ficulties The symptoms in swine are not 
likely to be confused with those of any 
other disease with the exception of strych 
nine poisoning whtdi has seldom if ever 
been reported and is not likely to occut 
Symptoms of tetanus are often accompa 
nied by a history of recent castration or 
the presence of a contaminated or infected 
wound Therefore, clinical diagnosis is 
based upon history and symptoms It is 
confirmed at necropsy by tlie absence of 
significant gross lesions and, in the event 
the infected wound can be demonstrated, 
tlie presence of lire characteristic drum 
stick ‘ bacterial forms m it It is seldom 
necessary to go beyond the clinical exams 
nation to establish the diagnosis beyond 
reasonable doubt 

TREATMENT 

There is little evidence iliat swine can 
be successfully ucaied. once symptoms of 
tciamis have appeared Apparently oiicc 
the io\m has become fixed ' m the cen 
iral nervous system, it cannot be alicrcil 
by ircalmcnL Some benefit has been rc 
jKirtcd in connection witli other s|>ccics 
from certain treatments vshicli will be 
mentioned bricfiy here for the sake of 


academic interest and possible expen 
mental use in swine 

Sedatives may be used for palliation but 
probably have no furtlier value Aureo- 
myan, Terramycin, penicillin, and pos 
sibly, Chloromycetin reduce mortality in 
mice (Taylor and Novak, 1952) Corn 
sone, given orally, gives beneficial results 
in man (Lewis et al , 1954) There may 
be some connection between this fact and 
tlie report by Giroud et al (1941) that 
tlie hormone content of tlie adrenal cortex 
diminishes markedly in animals poisoned 
with either tetanus or diphtheria toxin 
The value of antitoxin appears to be hm 
lied to neutralization of toxin before it be 
comes fixed m the nervous system How 
ever, flooding the circulation with t’I’ 
toxin as early as possible after symptoms 
appear may serve to neutralize any circu 
lating toxin and prevent furtlier absorp- 
tion from the wound Injection of and 
toxm around die wound may also assist m 
localizing the effects of the toxin 


IMMUNITY 

Swine are relatively susceptible to icta 
nus. dieir blood contains no demonstnoic 
antitoxin Exposure should be expec c 
to result m disease, therefore, unless J>r 
phylactic measures arc taken If expose 
cannot be avoided with reasonable 
ance, immunization procedures are m 
der Antiserum is effective if present 
die system m sufficient concentration w i 
needed However, under most 
stances die period of protection 
IS greater than a single injection of a 
serum can be relied upon to provide 
fcctivc and lasting active immunity can 
engendered by die use of the toxoi 
inaloxin Lowcnstcin (1921) 
dial letiiius toxin, treated with fonno a 
exposed to diffuse light for sonic nine* 
ns toxicity but retained its 
The effectiveness of toxoid 
toxin) vsas shown in guinea pig* by . 
ncr in 1928 since that time nn _ 

product has been obtained by 
cipitaiion A single injection of the a 
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CHAPTER 20 


Dysentery 


Swme dysentery is an infectious, readily 
transmissible disease It is also known as 
bloody diarrhea, bloody scours, bloody 
flux, and black scours It is not known to 
be transmissible to any species but swine 
The disease was first reported by Whiting, 
Doyle, and Spray in 1921 It is apparently 
rather widespread throughout the world, 
wherever hogs are raised 
Reports from Italy, Spam, Hungary, 
Switzerland, Holland, and Australia indi 
cate that the disease has been observed in 
those countnes Swine of all ages are sus 
ceptible, but the death rate is usually 
higher in young swine than in older hogs 

ETIOLOGY 

The specific cause of swine dysentery is 
present in the intestine, particularly ijie 
large intestine, and is given off m the 
feces Its presence in the body of an in 
fecied animal appears to be limited large y 
to tlie cecum, colon, and rectum Tlie most 
likely cause is a vibrio Several different 
Vibrios may be found in the gastroiniesuna 
tracts of apparently healtliy hogs Most of 
tliese are probably harmless The vibno 
iNhich appears to be etiologically signifi 
cant has growth requirements and cultura 
characteristics similar to tliose of VWTto 
fetus When first isolated, it grows best m 
an atmosphere containing about 15 
cent of carbon dioxide or in sealed tubw 
or culture dishes with small air spaces / t 
first die growdi is scant, consisting of small. 


discrete, translucent colonies Tryptose 
agar, plus about 10 per cent of blood is 
a suitable culture medium for pnmary 
isolation The vibrio is actively motile and 
Gram negative, and causes little or no 
change m the usual culture media Cul 
lures usually die out witbm 4 to 6 days at 
incubator temperature, but may 
ahve for several weeks when frozen Vibrio 
coll has been suggested as a name for this 


microorganism 

Salmonella choleraesuts is frequently 
found in hogs that haie dysentery It is 
generally known that cultures of Sal 
dioleraesuts can cause enteritis Howeier, 
die disease thus caused is not identical 
with swine dysentery The symptoms and 
lesions are different, and the disease caused 
by Salmonella cultures docs not spread, on 
pen contact, to the extent that dysentery 


CLINICAL SIGNS 

Tlie clinical signs of swine dysentery are 
diarrhea, dehydration, and loss of weight 
The incubation period is usually from I 
to 2 weeks However, die disease may not 
appear m contact animaU for several weeU 
or monUis after a carrier animal is brought 
rnto d”c herd One of the early symptemn 
often noted is die sunken or hollow ap 
iiearance of die flanks In a severe aiucL. 
d,c sunken flank may be conspicuous within 
2i hours after the onset of 
nicrc IS usually not much nsc of body 


[3131 
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cliolera there may be various quantities of 
blood in the large intestine without much 
mucus Deep necrosis o£ the intestinal wall 
often occurs in hog cholera of several days 
duration In typhlitis and colitis due to 
otlier causes such as Salmonella there may 
be varying degrees of necrosis and slough 
ing but blood and mucus are usually not 
conspicuous The occasional cases of mii 
coid enteritis of unknown etiology can 
usually be distinguished from dysentery by 
the absence of blood in the large intestine 
and in tlie feces Thus far serologic tesu 
have been of little or no diagnostic value 

TREATMENT 

There are some treatments whicli re 
duce the economic loss from swine dysen 
tery by alleviating symptoms and dccrcas 
ing mortality It is doubtful if any avail 
able treatment definitely cures the disease 
Recurrences are to be expected witli any 
treatment now available Arsenic and some 
antibiotics arc generally used as treatments 
Any one of Uiese treatments usually al 
Icviatcs symptoms and reduces death losses 
The preparation of arsenic generally used 
IS sodium arsanilatc but otlicr arsenic 
compounds are also used The dose of ar 
seme should be carefully adjusted so as to 
avoid tlic danger of poisoning 
Arsenic compounds arc commonly gi'cn 
m doses sulficicnt to supply 0 8 gram of 
elemental arsenic per day per animal 
However, as tlic organic compounds arc 
generally used Uic amount of arsenic given 
often soinevsliat greater ilian 0 8 grain 
per day Sodium arsanilatc is given citncr 
m tlic feed or drinking v>atcr Four ounces 
arc mixed wiUi one ton of feed One 
j>ound IS dissolved in 800 to 1 000 
of dnnking water Spcaal care should Ik: 
used to make certain that tlic arsenic coni 
l>ound IS Uioroughly mivcd v»iih the le 
or water rrcatmciit is continued for 3 
to 5 days and repealed Ulcr if nccesurv 
H should be siopjicd at least a week l>c 
fore slaughicr . 

Ancnic prciuraiions should always 
bandied cautiously auMrcii should never 
alloucd to have access to arsenic. 


farm animals other than hogs being 
treated should be kept away from the 
medicated feed or water Contamination of 
food or containers and contact witli the 
eyes or tlie exterior of tlie hunnn body 
should be carefully avoided 

Some antibiotics have been used as 
treatments and have been as effective as 
anything available Streptomycin and baci 
iracin have been tried ratlicr extensively 
No doubt otlier antibiotics will prove to be 
as effective It is often more advantageous 
to give an antibiotic in tlic drinking vvatcr 
than in the feed In such cases a water 
soluble product is preferable The dose of 
streptomyan iliat has been used <imft 
generally is 1 gm per pig per div DuK 
treatments arc given for 3 to 5 days and 
repeated later if necessary The dose of 
bacitracin wlucli has been reported is 
100000 units for 6 days 


IMMUNITY 

It IS difficult to detenmne the degrte of 
immunity whicli results from an attack of 
swmc dysentery because of die icndcntv 
of the disease to rcair after remissions of 
variable length 

Some climcilly rccoiercd siync 
free from symplonis tor sc'cral Ii 

15 Iiniiossiblc lo Liion [lorlio.i of iliac 
apparcnily rccoicrcJ miiiiiali ■'"'7" 
ricrs and imsiiblc sprcadin ol inrcclion 
Uhalcvcr llic aapiircd nniuiiml) il li-» 
not been of inueli practical a aim: 
uollins ibl tlfecliic aililica 

means of producing immunity hu'C not 
been dcaclupcd. Rcmnnuni in diicnlci) 
su^ "also'oecur ... nun) u.bcr diuraien 
ofmngiac ri.c lo die erronruu. nu,.e.nun 
that the diieasc has stopjjcd 

epizootiology and control 

Su.nc djumlcry is u.uall, >1 .«d b. 
tnosing liogi liu n inrcclcd hctui 1 / 1 caldtr 
onen Many cx|xJKul annual, arc wa. 
durin- ibc incubation Jiciiod ‘ ‘ ‘ ' I" 
iTbcmc .am, urn. ‘1 

a few daii. So lie anmul. ulnc.i I a'C S’ 
iiti^b’an oullirab 
llmu^h .bry naa a, ar 1 . I* 1 a = 
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temperature Frequently the appetite is 
affected \ery little Animals which scour 
se\erely may continue to eat However 
some affected animals show signs of marked 
illness Occasionally the finding of a dead 
hog which was not seen to be sick is the 
first evidence of the disease The morbidity 
rate vanes from a few animals to nearly 
100 per cent depending largely on the 
closeness of contact between animals in the 
herd The mortality in untreated herds 
\ aries from a few animals to more tlian 50 
per cent The average death loss is about 
25 per cent of an infected herd if nothing 
IS done to stop the disease 
The diarrhea of swine dysentery may not 
have any distinguishing characteristic dur 
ing die first day By the second or third 
day the boivel discharge contains mucus 
and/or blood The relative amounts of 
blood and mucus vary but bodi are usu 
ally present In young swine the blood is 
easily recognized In older animals the 
blood may be clianged so as to give a dark 
color to die feces hence the name black 
scours M die disease progresses the bowel 
d scliarge may contain less blood and there 
may be present considerable quanuties of 
a grayish granular or flaky materia! The 
affected animals show sunken flanks widun 

2 or 3 days after the onset of the disease 
and may lose considerable weight during 
the following week or two The course of 
the disease may vary from a few days to 

3 or 4 weeks or longer Most of the deaths 
occur widiin the first 2 weeks after symp 
toms appear There are nearly always re 
currcnces at I'arying xntenals In a good 
many cases dicre are recurrences at inter 
\als of about 30 days Some animals die 
during a recurrence 

PATHOLOGICAL CHANGES 
The diaracicnstic lesions arc found in 
die large bowel The stomacli mucosa of 
ten shows hyperemia and sometimes hem 
oirhagcs Since gasinlis occurs m scscral 
swine diseases it has little specific diagnos 
tic significance The small intestine usually 
appears nonnal The sharp limitation of 
intestinal lesions to the large intestine is 


characterstic of dysentery Some degenera 
live changes may occur in the liver 
Nephrosis may also be seen 

Sometimes marked reddening of the 
large intestine is readily apparent when 
the abdomen xs opened In an early stage 
of the disease the mucosa of the large in 
testine may show small discrete hemor 
rhages as well as diffuse congestion The 
colon content consists of blood and mucus 
mixed widi the feces The characteristic 
colon content is most easily seen m the 
dependent portions of the colon The 
presence of mucus together with blood 
helps to distinguish dysentery from some 
other diseases particularly cholera which 
occasionally causes copious hemorrhage in 
the large intestine 

In a later stage of the disease the colic 
and cecal mucosa shows more or less 
ficial sloughing of diphtheritic exudate an 
surface epithelium This sloughed materia 
m the form of granules or flakes becomes 
mixed with the intestinal content giving h 
a rice water appearance In this stage 
Uiere may not be much blood in the colon 
but mucus IS likely to be present Any 
necrosis that occurs is superficial DWP 
necrosis of the cecal or colic wall sudi as 
sometimes occurs in hog cholera and i 
colitis due to other causes rarely happen 
in dysentery 

DIAGNOSIS 

The clinical diagnosis of swine dysentery 
is usually easy It is based upon findmo 
the bloody mucous bowel discharges oi 
swme, some of which otherwise ^PP^.^ 
normal The bloody mucous feces may 
found m the hog lot Consequently* j 
aminauon of tlie lots or pens where 
animals arc kept may reveal tlie 
tenstic bowel discharges and tlius a 
greatly in Uic diagnosis The pailiolog^ 
diagnosis in an early stage depends 
rinding tlie injected hemorrhagic nin 
together with blood and mucus m tlm 
mtcsunc Typically Uicse dianges arc nii 
lied to the large intestine In htcr 
Uicrc is tlipluheruis with superficial i 
crosis and more or less sloughing 
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Salmonellosis 


HISTORY 

Salmon and Smith (1886a 1886b 1887 
1889) isolated Salmonella choleraestits 
from cases of hog cholera By means of 
cultures of this organism they produced a 
disease condition which resembled hog 
cholera in some respects and on the basis 
of this work Salmonella choleraesuis (Bac 
tenum of hog cholera) for many years was 
considered to be the cause of hog cliolera 
This concept was disproved by de 
Schweimtz and Dorset (1903) Previously 
these workers had noted variations in the 
clinical maniCestauons and patliological 
findings among some of the outbrea s 
which prompted tliem to investigate the 
cause of those disease occurrences whicli 
''ere not associated with the hog cliolera 
and tile swine plague bacteria During le 
course of diis work de Schweinitz and Dor 
set (1903) produced a disease in swine by 
subcutaneous inoculation of filtered bo ) 
fiuids which did not conuui bactena 
Tliese filtrates m the absence of bacteria 
did not produce tlie disease in rabbits or 
guinea pigs This work constiiuies the first 
etiological c'ldence of die disease now 
called hog cholera and whicli is caused 
solely by a filtrable \irus In a later publi 
cation Dorset et al (190j) submitted ad 
diuoinl data and proof conclusive!) cs 
tabhshing a fihrablc virus as the cause ol 


hog cholera without the introduction of 
Salmonella choleraesuis 

The role of Salmonella choleraesuis as a 
primary pathogen is ably discussed by Dor 
setetn/ (1905) They state we do not 
deny die possibility of independent disease 
being caused by B choleraesuis In fact it 
IS difficult to avoid a belief in sucli a pos 
sibihty on account of die very consider 
able padiogenic power for hogs cNinbilcd 
by many cultures of that organism when 
fed or administered intravenously Some 
later investigators have failed to consider 
this and other evidence m dieir work and 
interpretation Dorset ct al (IDOj) aho 
state diat die conceivably lowered resist 
ance caused b> the vims permits the 
Salmonella choleraesuis to invade and it 
the filtrable virus is ciiiable of lo''cring 
the resistance of hogs it would also be pos 
sible for other factors to have the same 
effect on resistance In view of die frcfiucnl 
isohuons of Salmo„clla cl,olcrar>,„s !,om 
hofis Iliat e-cpcnmcnlnlly nifeclcd 

With filtered vims blooil (coiitnmng no 
Silmondli) Dorset -.ml co-ssorl.(.rs point 
out UtJt this igcnt tin) be a normal i 
Inbitant in the liodics of •.pparcntl) 

lotscrcti bacterial insasion occurs and dis 
Lose processes arc staticd SalmoMlIa 
cZJrsu,s sar kun^n,h,l is .be 

dointinting t>l« of Sabnonena isolalcd 


fata) 
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When such carriers introduce the infection 
into a herd, symptoms may not appear m 
tlie contact animals until the end of several 
weeks or months Infection may also oc 
cur as the result of healthy swine coming 
in contact with infected trucks, cars, stock 
yards, and bams Manure spreaders, trac 
tors or other farm madiinery or equipment 
may carry the infection from one farm to 
another Instances have occurred where in 
fection was apparently carried a short dis 
tance by streams The only sure way to get 
rid of swine dysentery is to dispose of the 


entire infected herd and restock from a 
healtlry source The causative agent prob 
ably does not survive long outside die hog 
under ordinary conditions, however, under 
special conditions such as freezing, the sur 
vival period may be considerably longer 
Perhaps there are other conditions under 
which the survival period may be con 
siderably lengdiened Consequently, the 
quarters and equipment used by infected 
swine should be thoroughly cleaned and 
disinfected after all the infected and ex 
posed animals have been removed 
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frequently in young animals Attention is 
called to the carrier state in animals witli 
out visible symptoms 

From 1,056 outbreaks of salmonellosis in 
swine 810 of the isolations were S cholerae 
sms (Table 21 1) These results were in 
fiuenced to some extent by the inclusion 
of isolations from feces and intestinal con 
tents of one large institutional group of 
swine held under experimental conditions 
(Bruner and Moran, 1949) 


TABLE 21 1 
Sacuonella in Swine * 


Salmonella 
m Swme 


Number ofj 
Outbreaks 


paratyphi B 
sendttgo 

7 

1 

calijornia 

bredenty 

1 

21 

tholeraesuis 

moniemito 

810 

1 

orammbiae 
muenehtn {joregon) 

2 

11 

ruttport 

13 

kentueky 

panama 

1 

3 

anatum 

15 

give 

10 

newtngton 
tU note 
>ntssustppt 

3 

1 

1 

Worthington 

11 


Salmonella Number of 
in Swine Outbreaks 


samtpaul 

derby 

titiu munum 

4 ; 5 12 

noTWuk 

thompson 

bareiUy 

manhattan 

6,8 

enteritidit 

puUorum 

mtUagridis 

Uxington 

ntwbrwxswick 

senJUnbefg 

wiehita 

poona 


2 

20 

79 

2 

1 

1 

4 

5 


*From Bruner and Moran (1949) 

Hormaeclie and Salsamendi (1939) 
lated 85 strains of Salmonella from me 
mesenteric lymph nodes of normal swin 
m Uruguay Only one strain of ^ r lo 
iuis was reported The other Salmonella 
strains consisted of 

derby 13 

neuiport 4 

f^Tedeney 2 

Chester ^ 

ncwjnglon | 

fnuenchen 19 

hl^himurium 12 

flfialum 4 

niontcuid^o 2 

paratyphi D 7 

•ondon 


Rubin ci a/ (1942) examined the l)mph 
nodes of 40 groups of hogs, each consisting 
of 25 animals and 50 individual hogs, all 
of which were passed for food after veter 
inary inspection From 19 of the 40 groups 
and from 10 of the 50 individual hogs 212 
strains of Salmonella ivere recovered, 
among which were 13 species S cholerae 
suts was isolated from four of tlie speci 
mens Fournier et al (1953) isolated 35 
strains of Salmonella from the lymph nodes 
of 360 hogs at the Saigon abattoir, 23 of 
the strains being S choleiaesut! Gallon 
el al (1954) studied the incidence of 
Salmonella in Florida as related to the 
origin of pork sausage which was contami 
naled with Salmonella when it reached 
die market They show that llie mixing 
and mingling of hogs held in the pens at 
the sales barns and in tlie holding pens of 
packing plants provide die means for cx 
Uure and spread of Salmonella from 
animal to animal Salmonella organisms 
were isolated from 12 of 16 samples uken 
from die drinking "ater of die pens Their 
observations indicate dial S choleraesms 
has a wide distribution among swine They 
conclude that the presence of the organ 
ism m tlie intestinal contents and in the 
Ivniph nodes of abattoir hogs must be in 
iLpretcd m die light of the previous Ins 
loiT of the ainmils Saphra and \tassenmn 
fl951) reporting on 1,000 Salmoiiclh m 
fSmm m man, found 290 - ^ I-”"’,; 
caused by S choleraaws, whicli look fifth 
Sace . 1 . the order of frequency The or 
ganisni was highly patlmgemc for man 
often causing septicemia 

During a fi'C)Car period, I9a0-jl, Uru 
ncr (1956) studied 731 cullures of Sa .no- 
vella isolated from domestic animals m 
New kork State tiliidi tscrc submitted for 
Ltugemc analyse Tuenty 
lauons tscre S elwteraejmJ, all of uluci 
„me from swme Other types ongmating 
swme m dial study melude one S 
.1 ^..rturn luo S eriterilidis. and one 
S^slnllenbers He also louild that asyropto- 
malie^ earners of Salmooclla are not un 
common 
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from swine in tlie United States (Bruner 
and Edwards, 1940) . 

description 

Synonyms Bacterium o£ hog cholera. 
Bacterium cholerae suts. Bacterium sut- 
pesttfer. Salnionella smpestifer. Salmonella 
choleraesiiis is the type species of this genus 
(Breed et al., 1948). It was named in 
honor of D E. Salmon, who with Theo- 
bald Smith described and associated this 
organism with tlie cause of hog cholera. It 
IS a rod shaped organism, 0 6 to 0.7 by 3.0 
II (Fig. 21 1), Gram-negative, a facultative 
aerobe, usually motile, with 4 to 5 perit- 
richous flagella, it occurs singly. Optimum 
growth occurs at 37° C. Gelatin is not 
liquefied On agar tlie colonies are moist, 
translucent, and grayish (Fig. 21.2). Lit- 
mus milk develops slight acidity followed 
by definite alkalinity. Hydrogen sulfide is 
not produced by Salmonella choleraesuts, 
but variety kxinzendorf is characterized by 
the production of hydrogen sulfide. 

FERMENTATION REACTIONS 
Acid and gas are produced from glucose, 
fructose, galactose, mannose, xylose, malt- 
ose, glycerol, mannitol, dulcitol, rhamnose, 
sorbitol, and dextrin. Lactose, sucrose. 



FIG. 21.1— Solmonella choleraesuts. X 920. (Bie- 
ster, Iowa Stale College ) 


arabinose, inositol, salicin, inulin raffinose, 
and trehalose are not affected. The classifi- 
cation of Salmonella is based mainly on 
the antigenic structure and biochemical 
properties of the group whicli have been 
determined by Bruner and Edwards 
(1940) . The organism is destroyed in one 
hour at 56° C., in 20 minutes at 58° C , 
and in 15 to 20 minutes by the common 
disinfectants. 

DISTRIBUTION 

Salmonella spp. have a worldwide dis- 
tribution. Although the pig is considered 
the reservoir for S. choleraesuis, this species 
has been recovered also from man, cattle, 
dogs, cliickens, turkeys, foxes, and canaries 
Twelve otlier types of Salmonella in ad- 
dition to S. choleraesuis were isolated from 
hogs by Rubin and co-workers (1942) . 

Bruner and Moran (1949) report on the 
derivation and distribution of 2,788 
Salmonella cultures from animals other 
than man or fowls. From 1,056 outbreaks 
in swine 2,119 cultures of Salmonella were 
isolated; this represents 76 per cent of 
total isolations from animals in that series 
Their records confirm other observations 
that outbreaks of salmonellosis occur more 



FIG. 21.2— Colonies of S. choleraesuis; a 
hour culture. (Biesler, Iowa Slalo College.) 
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He isolated S choleraesuis from the lungs 
of 7 of the 13 pigs whidi had pneunionn 

REIATION Of S CHOLCRACSUIS 
TO ENTERITIS 

In 1922 when laboratory and field 
studies were inaugurated in Iowa on a 
clinical entity in swine referred to as 
necrotic enteritis it soon became evident 
that more than one form of enteritis was 
present (hfurray et al , 1927) From these 
clinical cases showing diarrhea and passing 
particles of croupous membrane pure cii 
tures of S choleraesms were isolated Gross 
blood was not observed in tlie intestines or 
in the excreta of these cases Two out 
breaks of enteritis in this series dilTcre 
from tile otliers and from these S cholctac 
sms was not isolated Gross blood oore 
tlirough tile intestinal lesions of these two 
cases They will be discussed brieOy under 
differential diagnosis It was obscric 
throughout the studies tliat cases ot cn 



terms from wliicli S choleraesms was iso 
lated invariably crme from premises on 
which poor sanitation was practiced and 
poor rations were fed 

Clinical Observations 

The ages of aniimls in the field cases 
of ciitcrilis studied varied from 3 to 6 
months and the weights ranged from 18 
to no pounds The experimentally pro 
duced subjects weighed from 2j to lO 
pounds Temperatures ranged front sub 
normal to 107“ F depending upon the 
stage of the disease Field cases prcscillcd 
rough staring hair coats and showed tin 
Ihrifliness and sometimes cxtrcine einacia 
non The blood showed a slight decrease 
,n hemoglobin and an increase of while 

cells especially the mononuclear cells I he 

cases produced experimentally by feeding 
cultures ol S choteiaesuu showed higlicr 
hemoglobin readings and red cell counts 
during the few clays after die culture was 
fed This vvas due to the rapid eliiiiination 
of body fiuids during diarrhea before sig 
iiificant quantities of cellular clcnicnts were 
lost Similar hematologic cliaiigcs arc 
found in typhoid fever of man during die 
stages of sweating and diarrhea In severely 
infected animals considerable peritoneal 
exudate and a few peteejuae on die seroia 
of the intestine and al tunes on die serosi 
of die stomach arc present 

Stomach The mucosa of the fundus 
usually was bright red and covered willl a 
dun film of tenacious miiciiv Nccioiiv wav 
sometimes present 

Small inlcsline I be clian,cs iiicrcavcd 
,11 seventy from the diiodciiuiii to die 
deiiiii In die ilciim the Iciiotii raiiojal ui 
dt-rce from advanced acute catarrhal ilci 
ui“v«idi mitkcvl ctlcnia and IciiliKytic in 
Idiratioil to a m ue severe colldiliiil char 
acterued by dilluie cellular iiirduau m an I 
by loatiy diiteiidcd crypti wIlicli I vil,cd av 
a'rcvull'of iccuiiitilalioni of cvii lale an I 
^awTled cuilteul. \ heavy layer of cavealr I 
nal al laiarcvl ala.ve die vu.fave .... 
r “th'lva. tiuvd a „.,e of kaivo, 
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Numerous other reports on tlie occur 
rence and distribution o£ Salmonella in 
swine are reported from many countries 
Differences among species occurrence m 
\anous areas may be influenced by differ 
ences in husbandry practices and other 
factors The general conclusion is that 
Salmonella has a wide distribution and 
may be found m animals tliat show no 
visible signs of disease, but this does not 
preclude their role as primary patliogens 
under suitable conditions 

INCIDENCE OF SALMONELLA 
IN HOG CHOLERA 

The inadence and relation of Salmo 
nella to hog cholera infection is evaluated 
in an excellent manner by Dorset and co 
vvorkers (1905) Ten Broeck (1918), dur 
ing the course of experimental work iso 
lated Salmonella from 16 per cent of hogs 
infected with hog cholera virus Uhlcnhuth 
et al (1929) found S cholcraesuis m 76 
of 178 cases of hog cholera In a large herd 
where 150 pigs were exposed to hog 
cholera 104 succumbed and notwithstand 
ing the presence of severe intestinal lesions 
in 78 cases S choleraesuis was isolated only 
15 times They quote Preisz as finding Sal 
monella in 31 of 80 cases of hog cholera 
from different sources 
Lutje (1938-39) in Germany collected 
data for a period of 15 years ending May 
1, 1938 on die Enteritisbakterien in the 
pig The spleen, liver, and kidney of 7 778 
pigs were examined bacteriologically From 
die carcasses of 552 animals vvidi hog 
cliolera he isolated Salmonella 41 times 
and from 245 slaughtered ammals (pre 
suraably conservation slaughter of hog 
cliolera hogs) Salmonella organisms were 
recovered from five From 3 131 swine 
vvhidi had died from diseases other than 
hog cholera 91 isolations of Salmonella 
alone were made and in 10 instances botli 
Salmonella and Erysipelotlinx were iso 
lated from the same animal Among 3 850 
slaughtered hogs which were free of hog 
cholera 32 isolations of S choleraesuis were 


made, and m tliree cases both Salmonella 
and Erysipelotlinx were obtained 

PATHOGENICITY OF S CHOIERAESU/S 

The role of S choleraesuis as a pathogen 
may be influenced by factors that lessen 
the resistance of the host Among these may 
be included otlier infections, notably hog 
cholera, inadequate nutrition, parasitoses 
exposure, and confinement where soil satu 
ration is intensified with various forms of 
enteric parasites and bacteria including S 
choleraesuis The nature of the bacterial 
culture and die media on which it is grown 
may also influence the ability to produce 
experimentally enteritis or disease in the 
pigs The ability of the organism to pro 
duce enteritis m the pig is enhanced when 
it IS grown on a medium containing serum 
oi one similar to that originally devised by 
Humoon (1918) to replace serum media 
The influence of bacteriophage also might 
influence the pathogenic behavior of S 
choleraesuis Dale et al (1944) found a 
bacteriophage in swine feces which de- 
stroyed S choleiaesuts in vitro 

in evaluating die pathogenic power of 
S choleraesuis, consideration should be 
given also to die fact that the pig by tea 
son of Its confinement environment and 
eating habits since domestication has ac 
quired some resistance to enteric infec 
lions Balanlidium coli of the pig is an 
example (Fig 21 3) Large masses of 
closely packed Bal coh were found m 
some cases of swine enteritis dial were 
characterized by extensive necrosis of die 
intestine but only in rare instances did 
this protozooii aggressively invade beyond 
die zone of necrosis (Fig 21 3) 

FORMS OF SALMONELLA INFECTIONS 

S cholcraesuis infections may appear m 
the form of septicemia pulmonary m 
volvement, or as enteritis 

McBryde (1937) studied bacteriologi 
cally 19 pigs showing enteritis These vvere 
obtained from a garbage feeding establish 
ment diat experienced considerable losses 



FIG 21 5— Large colon 
Note zones of caseation/ 
koryorrhexiS/ and leuko 
cytosis X 27 (Biester, Iowa 
State University ) 



fJG 21 6— Cecum Enteri 

tis Induced by feeding 
cultures of S choleraosuis 
Note rtecrosis and InFil 
tralion extending Into 
Inner clrculor muscle of 
<«cum X 440 (Biester, 
lowo Stole University ) 
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rhexis Some agminated lymph nodules 
showed leukocytic infiltration and caseation 
necrosis 

Cecum and large colon. Grossly the wall 
usually appeared two to four times normal 
thickness, the mucosa being covered by an 
extensne layer of necrotic tissue (Fig. 
21.4). When this diffuse, leatliery grayish- 
fellow covering, or diphtheric membrane, 
was scraped off, a denuded red granular 
surface was seen. In less advanced cases 
the membrane was focal and in some areas 
it could be pulled off. The advanced field 
cases often presented an intestinal wall 
that was described as resembling a garden 
hose in consistency. 

Microscopically the mucosa often had 
undergone almost complete necrosis (Fig. 
21 5) . In the advanced stage the lesion 
consisted of three zones: (1) caseation, 
varying in thickness to 3 mm.; (2) karyor* 
rhexis, frequently extending into the sub* 
mucosa and in some cases involving the 
muscle layers (Fig. 216); (3) a variably 
dense zone of leukocytes appearir^ beneath 


the karyorrhectic zone. In some instances 
the process involved the balance of the 
cecal and colonic walls. 

RELATION OF BACTERIA 
TO THE LESIONS 

Two bacterial agents, Salmonella chol- 
eraesuis and Spherophorus necrophonis, 
must be considered with reference to the 
etiology of the advanced type of necrotic 
enteritis described. 

Spherophorus necrophorus is very widely 
distributed in nature, being especially 
abundant in tlie soil on which animals are 
held. It is pleomorphic, and individual 
organisms are from 0.5 to 1.5/i wide and 
may appear in chains 100 or more fi long. 
In necrotic tissue of enteritis, Spherophorus 
may appear as long skeins or coils (Fig. 
21.7) . The organism is Gram-negative, 
stains well with polychromatic methylene 
blue, the latter stain bringing out a beaded 
appearance. It is nonmotile, does not form 
spores, and is strictly anaerobic, 

Feldman and co-workers (1936) studied 



FIG. 2l, 4— Cecum, ileocecal valve 
and large colon In S. choleraesuis 
enteritis. Note sv/ollen Nvall and 
diphtheric membrane. (Siesfer, lowo 
Slate University ) 
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er necroses were invariably dependent upon the 
presence of B necrophorus playing, as seconda 
ry invader, its role of producer of deep and 
progressive tissue necrosis 

Mohler and Morse confirm these observa 
tions by descriptions of sections of mtes 
tines from pigs dead of hog cholera 

we found in the deeper portions on tlie bor 
derhne between the healtliy and diseased tis 
sues numbers of bundles of B necrophorus In 
oculation of such material into tlie back of a 
rabbit resulted in the usual coaguation necro 
SIS 

Biester also isolated S neciophorus from 
die deeper parts of the necrotic enteritis 
lesions by scraping off die overlying dip 
theric membrane under running tap water 
When the red granulomatous zone w;w 
reached, the rinsing was continued wit 
sterile saline solution, and a clean scalpel 
used to continue the scraping This mate 
rial was injected subcutaneously or intra 
muscularly into rabbits la die resulting 
abscesses S necrophorus was usually ob 
tamed in pure culture, especially after one 
or two transfers m rabbits 
■^Vhen poor sanitation faulty nutrition, 
and other stress factors continue their m 
fiuencc in the presence of S choleracsuis, 
and necrosis of tissue occurs, S nccrophortis 
finds conditions fasorable for cntnncc, 
muliiphcaiion. and further invasion mio 
the tissues \Vhcn S necrophorus is nmiiy 
established in die deeper parts of die tis 
sue, die invasion and furdier destruction 
of tissue continues long after the a cm 
creejuis has ceased its attack in 1 1 
deeper necrotic zones 5 ticcrophorus w 
arranged in long chains and skeins ( |o 
21 7) Intestinal lesions from human ) 
plioid fever cases when sccuonci a 
stained for bacteria shovstd similar 
ses of organisms in the deeper parts o » 
pioccss (Fig 218) rhe so called buttoi 

ulcers of suinc present a similar arran^jC 
incnt wlucli must be interpreted as a pr^ 
ktessue process caused by S tieciop tor 
>n the deeper tissues as a secondary in 
'adcr m a suitable field for growth pre- 
pared by a primary agenu 
Some field cases of cuieritis showed i 


flammatory changes m die large intestine 
with round flattened masses of hard in 
testinal contents which were adherent to 
die mucous membrane When these were 
lemoved a shallow depression character 
ized by superficial necrosis appeared On 
histopathologic examination, dense mas 
ses of necrophorus like organisms were 
found in die underlying crypts (Fig 21 9) 

Ba/onfidium cofi 

This protozoon was found in many cases 
of enteritis of swine Its presence m the 
tissues could not be correlated widi the 
occurrence of die disease In some sections 
of suine intestine, masses of Dal colt Mere 
found in llie caseated tissue and many 
forms also were seen in tlie lumen In the 
tmterial studied Dal colt rarely adianccd 
beyond die nccrolic or damaged tissue 
IFig 213) In man fin/ co/i shows marked 
insasnc ability, being found deep in slruc 
Hires tint arc not necrotic The pig seems 
lo possess considerable resistance to Dal 
colt Howetcr, die question of patbo 
ecnicity to the pig sbonld be reopened iiid 
studied under controlled conditions 

hatHOGENESIS of ENTERITIS PRODUCED 
B? FEEDING S CHOIERHESUIS CULTURE 

As the padiologiml studies of ndil 
enscs piogrcssed and die rcllltonsbip of 
S chokraesut! and S iiecro/i/iorlis lo die 
ksiotis were described from dilfcrent caiti, 

1 bccinic csnbilt dial die clnnges seen in 
ibc icriiiinal sligc of a disease, somclimcs 
teicnding oscr a considerable period in 
sonic field pigs, nllgln prose mislca.lm„ 
unless Ibc sarioiis steps in die pioccss coiib 

be obsetsed 111 sequence of 

Ibc disease For tins piirimse, t kionp of 
I,rilibs lilkS were fed brolll enlline of S 
■.u 1 ..;ci. wc.e L.ncd 8 . 

JO j| <jl ‘>9, 88, %, 101. 1-8. IJ- n/. 
and 2Sd botiri later (Ibcsler el .if, lU-'s) 
.Mxtopsies wete |)ctfotii.ol 1 be iciilii if 
■lie cecal c\amnialionl aic „iscn here nine 

c^UtnnonoIlbe ptoees. » 

r«li .epiesemanse of .bat n. 

'' "vt^and 111 bums ibcie l"e‘ incien eil 
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the occurrence of agglutinins for tins or 
ganism m different species of animals 
Their data suggest a relationship between 
the occurrence of agglutinins and the en 
vironmental conditions of the animals with 
reference to the intensity and duration of 
exposure to S 7ieciophorus 

Mohler and Morse (19Q4) also called 
attention to the ubiquitous character of S 
7iecrophorus, its highly infectious nature, 
and extensive range of pathogenesis They 
mentioned that Th Smith in examining 
ulcers for the hog cholera bacilli, found 
large bacilli following the course of tlie 
blood vessels in the granulation tissue un 
der the sloughed area They noted that 
Jensen interpreted and associated this de 
scription with 5 necrophoms, and that 
Schutz also found in necrotic areas of the 
intestine long thread shaped organisms 
which he named B fihformis Bang, they 
pointed out inoculated into mice and rab 
bits necrotic material from the intestines 
of hogs affected with hog cholera Necrosis 
developed at the point of inoculation and 


m tlie internal organs Too little considera 
tion IS given to the role of S necrophoms 
in tlie production of intestinal necrosis 
Conditions suitable for invasion of S 
necrophorus are inaugurated by tlie initial 
attack by S choleraesuts The mere bac 
teriological isolation of S choleraesuis in 
the absence of detailed pathological studies 
js largely responsible for the divergent con 
cepts regarding Salmonella induced en 
teritis 

The earlier observations and mterpreta 
tions regarding the role of S necrophorus 
were not given tlieir proper place alter the 
discovery of the Jiltrable virus of hog 
cholera These facts are clearly stated by 
Mohler and Morse (1904) 

There can be no doubt tliat hitherto the hog 
cholera bacillus has been given too mucli aedit 
for ihe lesions customarily seen in Uiat disease 
As long ago as 1887 it was surmised by SchuU 
and demonstrated m 1889 by Bang and later 
confirmed by Zschokke Olt and others tliat the 
superficial necroses occurring in the intestine 
and stomach of cases of hog cholera were due 
to the hog cholera bacillus whereas the deep 



FJG 21 7-Cecum Sphe- 
rophorus necrophorus be 
neath diphtheric mem 
brane X880 (Biester 
Iowa State University) 
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no significant changes in the cecum Some 
of the intestinal contents adhered to Uie 
mucosa and a slight degree o£ edema was 
observed 


32 Hours 

The microscopic changes consislcd of 
pronounced desquamation, shallow erosion 
of the mucosa, and cytoplasmic fragmen 
tation In some sections edema was quite 
noticeable The outer zone of the mucosa 
was infiltrated by leukocytes but no exu 
date appeared in the lumen Gramnega 
Use rods simulating S c/io/eraesiiw ap 
peared m the lumen and at the points o 
desquamation, together with S nccro 
phorus 

56 Hours 

The cecal wall was swollen At dus stage 
definite patches of cascated membrane 
peared Fibrin was abundant at die 
of erosion and in the exudate enmeshing 
die cellular elements 


64 Hours 

The wall was sivollen, edema 
lular infiltration were more advanced 
m die tissues of the 56 hour pig, 21!° 
aiion was progressive and diffuse T le 
date on the surface was rough presen 
die appearance of the vilh 
longue When removed dus left cp 
uons in die mucosa MicroscopicnU) i 

mucosal erosion was very marked 
brane composed clixcilj of cellular c\u 
'vas present on die mucosa wluc » ' ^ 

completely cascated in some places, w 
m oUicrs u appeared m various ^ 

retrogression Fibrin appeared m ic 
dale enmeshing the cells and it 


ranged in long coniinuous 
part of the mucosa Fibrin pla)S 
l>oriaiu role in die formation ol 

membranes , • , 

Scciioiu stained for bacicna s low ‘ 
mixed llora in the cxudaic 
lumen At the cpidichal lajcr or ^ 

m die mucosal tissue Salniaiiclla Ji»-c 
Ranisuis predominaicd In the deepe I 
'd ihc exudaic and up{>cr nincova 


Spherophorus like organisms were present 
At the point of sloughing die primary and 
seomdarv organisms were present logeiher 
with a mixed intestinal lion 

80 Hours 

The oross and microscopic cliangcs were 
more advanced dnn in the aninnls killed 
prcvtouslv Both mucin and fibrin in the 
lesions had increased A inl\cd llora ap 
peared in ilic upper pan of ihc nieinbranc 
At the points of mucosal erosions and be 
neath sinRle organisms and cliiiiips of S il 
monclla libc organisms were found In 
many cry pis short chains of Splicrophoriii 
like organisms appeared Apparenll) aiiac 
robic ronditions had not prciailcd long 
enough for the firm cslablishmcnl of the 
anaerobic organisms as is noted in field 
cases of longer duration where Splicro- 
phorus organisms appear m dense cods and 
skeins 
88 Hours 

Tins subject sliowcd more advincctl 
cinnges 
96 Hour* 

1 Sed' bl''nuoX|ue"«id)""c 

d'^oted l.ou?s'af.cr the cul.uic wa. 
fed 

128 Hour* 

Siiclling and edema were pro„ieiuve 
bwciu b J .1 previous cavcv 

‘"“w ‘ n lanl r" leic.ion clurac 
'' *e en ro wall Ifie mueoia wa. 

prired ll e ,„t,„brane 2 uini 

coieied b) a 

lliicl.. ,„,cp,roronr.iuied the pro- 

''‘'■"3e,mn.obie.iedg.ro.I, Ibe 

,\a.l of llic muroia bad u,.de.„ me 

Tiiecrom. I "‘hr 'b" " 

earcalion laiyullbe... am 

U,c Lalanie of .be -1 
Icpkoesioi u „ ,1 

.honed “ r ,„c mldliau n I . tiiroe 
r^YX‘.,!edVa.s,..lra-,llrA^I ... 



FIG 21 8— Intestinal lesion 
from typhoid fever of man 
showing Spherophorus 
like organisms under case 
ated membrane X 850 
(Biester, Iowa State Uni 
versity ) 


FIG 21 9— Lorge colon 
Spherophorus like organ 
isms m crypt under disc 
of firm intestinal con 
tents adherent to the mu 
cous membrane X 920 
(B ester Iowa State Uni 
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Dorset and his con others made die same 
obsersations under siniihr condiuons nhen 
pigs \sere held at their sntion 

Pigs lint were hca\il> pansitized with 
ascaris when fed S choleraesuis de% eloped 
more sc\cre intestinal changes ilian para 
site free pigs Some pigs died 48 hours 
after c\periincnnl feeding of S cholefa^ 
suis Upon necropsy these cases alwixs 
showed imasion of the bile duct or Incr 
by round worms (iiicsicr, unpublishcti 
data) 

DIFFERENTIAL DIAGNOSIS 

Salmonella induced enteritis must be 
distinguished from cnieniis of other causes 

Nutritional Deficiencies 

The relation of malnutrition to mfec 
tious enteritis has been studied b> 
ous workers since 1910 Davis ci at ( > 

obsersed that small pigSi when fc 7 
corn, developed a necrotic type ® 
tentis On the basis of this expcrimen 
It was concluded that 100 mg of nico 
acid daily are required to prevent 
velopment of nutritional enteritis 
et al (1948) reported diat adequate sup 

plementauon of 

rations prevents nicotinic acid a 
in the pig and, when 25 per cen 
was added to a corn ration, no . 

of mcotimc acid deficiency were pr 
Uncomplicated enteritis due to _ 

ficiency is characterized by an 
exudate of mucus punne ct ol ^ 
Later work by Luecke et al (ly^y; 
caied that deficiencies of niacin P 
theme acid and possibly ,„s 

involved in the production 
Other investigators also produced en 
hy feeding rations deficient m niacin 
were unable to isolate S choleraesu 
dte feces of affected pigs This is 
prising and must be considered in n» 

correct interpretations Under fid ^ 
tions, when lots are contaminate wi 

choleraesuis and the pigs are cam 
jhe organism, and when 
nciencies axe superimposed Dou 
tnust be considered in evaluating 


situation In all cases of enteritis a careful 
ctaltiation of tire ration should be made 
to aid in correct diagnosis and treatment 

Enteritis Caused by Vibno Infections 

Enteritis caused by Vibrio infecnons 
prctiouslv mentioned and sometimes re 
ferred to as hemorrhagic d)senter), amoe 
Inc like disenlcr), and bloody scours was 
found only twice m Iowa during the 
studies on cntcntis from 1922 to 19.7 This 
(omi must be considered from a dtfferen 
tul diagnostic standpoint Sometimes S 
choleraesuis is present m field outbreaks 
of sibrio caused enteritis In tlie early stage 
of tlic vibriomc cnterius large quantiues 
of red liquid feces containing mucus are 
nassed which hate the appearance of cur 
knt tell) It "tis because the feces re 
Snbkd those passed during amoebic dys 
emery m man that the vibnonic type of 
enteritis was referred to as amoebic like 
dt fmery by Kmsley. although amoeba 
i'ere nm present m the cases studted by 
Itiester and co workers (1935) Iranspor 
by^.™ck has facrhiamd^ te 

or ihrough pubhc sales bams has " 

“'rLmfty^nXtmnrenTenus The 
hnr.r fo™ of entenus now is more 

nx-rrrnot^roH^^^ 

r„rrnVrs.ir:n?nmrtsfr:2 

q“f,o 1927 m Iowa From the remaining 

1922 to by Uie passage of 

S choleraesuis v^as recovered 

red blood „f 1934 a field out 

h ""klf acute” hemorrhagic enteritis of the 
break of acu "w choleraesuis 

"%™te“d “om any of dte pigs 
tvas not teco (Bicster et al , 

or specimens intestinal con 

1935) Pfsese ,by f .ntcstinal wall 

tents “"■*“17by pen exposure were 
transmtsston by P 

contmued f" “horn 

SiecranTdrot^“- — 
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found m the submucost The Avail 
Jared to have lost its functional ability 

Hours 

his subject showed a very characteristic 
anient of the aerobe and anaerobe In 
ilogic sections stained for bacteria Sal 
tella like organisms and a mixed flora 
s seen in the upper part o£ Uie mem 
le whereas in the deeper parts only 
erophorus like organisms were noted 
'ecrosis extended deeper into the mu 
L 152 hours after S choleraesuis culture 
fed In the 176 hour pig the muscu 
s mucosa was obliterated by necrosis 
jghing of tlie neaoiic membrane m 
ces changed the alignment of die two 
amsms of primary interest 
The changes produced m the large colon 
■e comparable to those described in the 
ura (Fig 21 10) S choleraesuis was 
lated from the lymph nodes of tlie pig 
itroyed 32 hours after tlie culture was 

The factors which reduce the resistance 
the pig may predispose invasion of the 


body by S choleraesuis Repeated obser 
rations on field herds in Iowa over a 
period of 12 years showed tliat, where poor 
sanitary conditions prevailed, die nutn 
tional status was equally poor When such 
pigs were moved from the lots that had 
lield pigs for long periods and were placed 
on clean, pasture, die intake of bacteria and 
parasitic agents was diminished and the 
nutritional status was improved 

RECOVERY WITHOUT MEDICATION 
During die course of the investigation, 
groups of pigs with enteritis whicli were 
scouring and passing pieces of necrotic 
membrane, were purchased and brought to 
die Veterinary Research Institute, where 
they were placed in clean pens having 
concrete floors The pens m which these 
pigs were held pending subsequent nc 
cropsy were washed several times each day 
^VIlen some of diese pigs were held in 
reserve for considerable periods, they im 
proved and some ultimately recovered and 
grew to market weight The ration in 
eluded a considerable amount of bran 



FIG 21 10— Experimentally pro 
duced S choleraesuis entent s Large 
colon— advanced deep necrosis and 
d ptheric membrone Small colon-- 
advanced hemorrhage and focol 
necros s (B ester Iowa State tini 
vers ty) 
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cases of scpiicctmi in ihc abittoir \vere pas 
sagccl through nbbiis nnd through media 
to eliminate the possible presence of hog 
cholen sirus They cill ^tlcntlon lo the 
role of predisposing factors and to the cn 
hanccmeiu of Mrulcnce b) continued pas 
sages through pigs The latter condition 
^^ould be fulfilled if pigs svere held on the 
same lots for long periods, esjiecially asit » 
j>oor drainage or sanitation 
Rasmussen ct fl/ (1911) experimentally 
produced enteritis in stvinc by feeding cul 
lures of S choleraesuis When the culture 
uas mixed in the feed, the reaction avas 
more scaerc than ashen it asas giacn as a 
drencli No difference as as obsened in the 
mortality rate among pigs fed different 
rations 

VanEs (19-10) has aery ably documented 

and caaluaicd die diacrgcnt results and 
interpretations on the padiogcnicity of this 
organism 

Schoening cl al (1919) reuCTCd some 
of die concepts regarding the suius ol 
e/to/«raeiutf as a primary padiogen They 
present evidence that broth cultures pre 
served by Ijophihration retain dictr paUio* 
genicuy for die pig Gavatkin and Moyni 
han (1944, 1915) met avidi aarying sue 
cess m dieir attempts to produce ncaotic 
enteritis by feeding a number of strains ot 
5 suipestifer under artificially induce 
stress Guthrie (1952) produced a form 
of enteritis by feeding a virulent cu ture 
of S choleraesuis avhicli had been lyo 
phihzed 


CONTROL AND TREATMENT 

The early history of treatments for ^ 
enteritis follows the general pattern 
treatmenu for human typhosis Some 
diese, including copper sulfate a 
agents, soaked medicated whole oats ou 
lermilk and salt, have been replaced 
Edgmgton el al (1942) found 
lime aad was not a preventive for ent 
'vhich was induced by feeding cultures 

S choleraesuis 


The results of studies on nicotinic 


acid 


a specific or preventive 


for enteritis are 


not conclusne Kridcr (1942) summarized 
tins well 

Recent i%ork indicates that necrotic enientis m 
siMnc IS nol solely a nutntional disorder Ne 
cro may still he regarded as a bactenal diseiue 
and diet nny serve to prevent or permit the de 
velopnient of the organism Sanitary measures 
are Vccommendcd to hold ihe causal organism 
in check This possibly may be as important in 
ihc control of necro vs the role of nicotinic 
acid 

Rrsinusscn cl al (1914) concluded that 
Ihc use ot nicotinic acid during the re 
cosery period of survisors produced bene 

r, cnl results Hosveser, they recommend 
,he admimslratton ot a composite ot B 

s. timins instead of nicolin.c acid alone 

Cameron (1912) e-tperimentally treated 
held cases of enteritis snth sulfaguanidine 
administered in gelatin capsules at the 
rate of 1 20 lb body weight 4 

umes daily tor 5 days He reported some 
Xscs 6 to 8 days after treatment was 
stopped The economic factor svould pre 
elude this procedure for field use 

hernhamp (IMS) reports favorable re 
suits by the use of 0 75 to 1 5 gra ot sulfa 

' Ldine oer 10 lb body sveight in one 
®i“ ol! ihe’^first day and on the succeeding 
f days half !h=^e to be gtven tn the 
Lrning and half in the evening He also 

P- ‘d"e!edreL"it‘ mi:':! vSte m 
eu^nia isociaied wiUi the 
of S choleraesuis 


P^dHrahlnT has"been used per as in 
SuUatnauun 

readily ab 

P“ Sie luLtinal tract which is a 

S^^ablecf^araclerislicindietrealiiientcf 

1 at ( 1951 ) claimed good results 
.nraVn/'n'outbleah of dysentery as 
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Many of these experimentally infected 
pigs died but S choleraesuis was not re 
covered from the internal organs through 
out the investigation Streptococci or coh 
form organisms were isolated occasionally 
from pigs that succumbed during the night 
and which t\ere not examined until tlie 
next morning HQwe\er, in some cases of 
vibrio enteritis, S choleraesuis may be 
present If the disease (vibrionic or hemor 
rhagic type) does not kill tlie animals, 
blood disappears from tlie feces and from 
the lesions in the intestines After the free 
blood and tenacious mucus disappear, a 
diphtheric membrane forms In the later 
stage this lesion is indistinguishable from 
that found in advanced cases of S suipesti 
fer enteritis The severe destruction of tis 
sue, as a result of the initial vibrio damage 
in subjects that do not die, often is fol 
lowed by invasion and multiplication of 
S necrophorus, the end result is similar to 
the gross changes which follow primary 
injury from S choleraesuis invasion The 
appearance of gross blood m the feces 
during the early stage distinguishes this 
type of entenus from that caused by the 
invasion of 5 choleraesuis under conditions 
of body stress In the experimentally pro 
duced S choleiaesuts cases the tempera 
lure rise begins 24 hours after the culture 
is fed whereas in the hemorrhagic form 
(vibrio) the temperature rise appears frxjm 
the fourth to the sixth days and diarrhea 
IS manifest on tlie sixth day following the 
feeding of the infectious material The 
“limination of blood usually follows 1 or 
2 dajs after tlie onset of diarrhea m the 
vibrio induced cases Salmonella enteritis 
diarrhea may appear from 1 to 4 da)s fol 
lowing administration of the culture 

Coccidiosis 

Cocadia may be present m S cholerae 
suis entcrlitis or in enteritis caused by 
\ibno and tlicir presence should not be 
overestimated m differential diagnosis The 
several species of coccidia from swine whidi 
have been studied in pure culture under 
controlled conditions do not produce nc 
erotic or hemorrhagic clianges The cpx 


thelial cells parasitized with coccidia may 
be destroyed in situ, may desquamate, or 
may migrate to a subepithelial position 
leaving a denuded mucosa None of the 
species found in swine involve the deeper 
tissues Considerable mucus may be present 
m the feces but any hemorrhage that is 
present may be attributed to causes other 
than Eimeria Isospora suis is of low grade 
pathogenicity 

S CHOLERAESUIS AS A 
PRIMARY PATHOGEN 

The ubiquity of 5 choleraesuis and the 
unsuccessful efforts of some investigators 
to produce a necrotic form of enteritis have 
produced divergent views regarding the 
status of this organism After taking cog 
nuance of the possible effect of the patho- 
geniaty of the cultures fed, nutritional 
status of the test pigs, sanitation, para 
sitoses, and other stress factors involved 
the record shows substantial evidence sup 
porting the view that S choleraesuis under 
proper conditions assumes the role of a 
pnmary pathogen In support of this view 
are the results of Salmon and Smith (1886a, 
1886b, 1887. 1889), Dorset et al (1905), 
Murray et al (1927) Glasser (1927) notes 
that necrotic forms of enteritis were de 
scribed by Roloff in 1863 and 1875 and 
these probably were due to Salmonella in 
fections These cases occurred in young 
pigs that were closely confined under un 
sanitary conditions and poor husbandry, 
and when these untoward conditions were 
corrected, the disease disappeared from 
the premises Glasser concludes from his 
observations tliat this form of entenus is 
based upon a predisposition caused by poor 
management, confinement in a damp en 
vironment, faulty nutrition (especially 
calcium deficiency) , together with the con 
stant intake of feces containing the organ 
ism Biester et al (1928) repeatedly pro- 
duced entenus by feeding cultures of S 
choleraesuis Hindmarsh and Edgar (1933) 
experimentally produced septicemia and 
extensive lesions of necrouc entenus m 
swine by feeding brotli cultures of S chol 
eraesuis These cultures originating from 
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soailcd tvi* both Vibno col, and Salmo 
nella l)pes b> the administrauon oE 100. 
000 units o£ bacitracin per os 

Rossoll and Abel (1953) incorporated 
baciiraan m ground feed at the level of 
50 gm per ton to treat enteritis Gutline 
(1952) controlled die disease by 1 gm of 
nitrofurazone on tlie first day and 0 5 gm 
on the second dav He recommends that in 
some cases treatment should be continued 
at lovscr levels in tlie feed 

Bruner (1956) expresses the view? that 
drug or antibiotic treatment of salmonel 
losis may ameliorate the condition but they 
do not cure or eliminate carriers He 
recommends surroundings and manage 
ment vshich vvill avoid body stress, and 
sanitation 

Sircpiom>cm, clilorteirac)chne, ox)teira 
c)chne, and other antibiotics have been 
used in treating various i)pc$ of enteritis 
' The administration of these materials as 
vscll as vitamins and sulfonamides should 
be considered onl) as supportive measures 
and not as specific treatment Relapses have 
been reported in connection witli the use 
of many of these medtcanicnis when the 
administration v>as discontinued Unless 
tlie undcrl)ing factors vshich made possible 


invasion of the tissues by Salmonella and 
Spherophorus are removed or corrected, 
therapeutic treatments will fail The re 
covery of entenUs cases when the animals 
are held in clean pens without medication 
supports tins view Microscopic exami 
nation of the intestines of these recovering 
subjects reveals rapid regeneration of the 
mucosal epithelium The present trends 
and practices m holding pigs on concrete 
or dry lots place dependence on antibiotics 
and other feed additives to “take care of 
the disease level ” These are poor substi 
tutes for a balanced ration of unadulter 
aied feedstuffs and clean pastures properly 
managed Troughs and waterers should be 
moved frequently to avoid the development 
of wallows around their locations ^Vhen 
lot sanitation is neglected, ultimately the 
antibiotics and feed additives fail to pre 
vent losses Lot rotation dilutes Uie pjtra 
sme ova and infectious agents eliminated 
by the animals, thus minimizing reinfec 
tion Salmonellosis, like many other infec 
nous diseases, spreads more rapidly when 
animals are closely confined and held m 
large groups The nutritional status of ilie 
animals is improved after they are placed 
on clean pasture This also aids in recovery 
from the infection 
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Swine Erysipelas 


Swine erysipelas, or its equivalent in other 
languages — Schweinerotlauf, rouget m 
pore, antrace ercsipelatoso, and ertstpe a 
del cerdo — is a speafic disease of swine 
caused by the bacterium Erysipelothnx 
rhusiopathiae. Although the word erystpe 
las (red skin) is loosely descnptive, it does 
ha\e a universal meaning For this reason, 
such synonyms as diamond skin disease, 
urticaria, nettle rash, and other sympto* 
tnatic terms could well be eliminated from 
general usage 

Swine erysipelas is worldwide in disiri 
bution and is a serious economic 
of swine throughout Europe, Asia, and e 
North American continent In SouUi 
Africa, South America, New Zealand, an 
Australia it is of limited economic signi 
cance 

history 

The identification of swine erysipel^ 

^ disease enuty began in 1878, when oc 
isolated an organism from an expenmen 
mouse whicli he called “the bacillus oi 
mouse septicemia ” The similarity ot uns 
organism with that causing 
lauf ssas pointed out by Loeffler m 
P^teur and Thu.ll.cr .n 1882 83 br.clly 
described an organism isolated from pi^ 
"iih rouget and prepared a 

in pigs against this disease In » 
Loemer presented tlie first ® , 

^cription of die causame agent of Ho ^ 
or rouget, and described die infection 
^;'me Rosenbacli m 1887 ‘^olaied 


pnism from affected humans (er)Sjpi 

^ut considered it to be different from tne 


cause of mouse septicemia and swine er> 
sipelas Kelser and Sclioemng (1943) men 
noned that die three species, rhustopathiae, 
murtsepttca, and erystpeloidis, are now gen 
erally considered to be identical 

In the United States, die history of 
s...nc erss.pe!as began w.a. tl.c .sulauan 
by Sm.th (1885) of an organism from the 
kuiney of a pig 'vhicf' resembled that cans 
mf rouget, or swtne erystpclas Moore 
/igooi recovered a similar appearing or 
iamsm from tl.e spleen of a p.g dur.ng the 
Ser «88 Sm.th (1395) tsolated the swtne 
l^unelas or mouse septicemia bactlh, 
blm'^swine ussue originating in hfinnesota 

Ard.att.tbeh=«'<*’ ■ .t.tnol""P™'> 

able U«t d..s bacillus may gam enoug 
violence to produce epizootics, if sucli is 

ToTabeady the ease, and that m endeator 
not aireauy diseases a 

erysipelas bacillus 

should not be neglected 

‘ad:TnTd "eck (1920) re 
„us made mnmepltciu in die 

•'“‘uof’s "me Creech (1921), by Ins re 
tonsils o S t oiganisni from cu 

“''=ry°f,‘,' ^ndsk...' lesions, again 

“"““5 .he nrcsincc of tins stviiic dis- 
fbe Cimed Sutes fVard (1922) 

H B erysipelntts suis m a large per 
found B erys F obnined from 

cciuage of j induced arihriui 

“'’Tbv mha'C'ions inocnlalion and 
■" “ '’S ie oigan.s... m l>nrc culture 

"rMdrseobsetted gtea. 
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trcquenq m Uie principal hog slaughtering 
centers of the United States” 

Gilmer (1922) isolated tlie organism 
from a three uceh old pig d>ing ^ 
suine erssipelas Parker el nl (1924) 
demonstrated the direct association of me 
organism sMth diamond skin lesioris, ne 
n-otic dermatitis, polyarthritis and e\i 
dcnce of septicemia in market hogs During 
l‘>27 according to Smith (1955 ) , Foster 
man in South Dakota, called attention to 
a new serious disease of hogs The cause 
of tins disease was shown to be B eiystp 
elatis sms in 1930 by Breed (1933), and 
this was confinned by die avork of Taylor 
(1931) Harrington (1933) reported the 
presence, from 1929 to 1932, of acute ery 
sipclas in scien states By 1937, the cry 
sipclas organism had been identified as a 
cause of disease in 28 of the 48 states 
(Breed 1937) Ihe increasing seriousness 
of erysipelas can be followed m Reports of 
the Committee on Transmissible Diseases 
of Swine, U S Lucsiock Saniury \ssoci 
aiion The American Veterinary Medical 
\ssocniion Committee on Diseases of 
tood Producing Animals, m 1952, reported 
this discise of swmc to rank first m four 
states, second in eight, and third m three 
slates During the lOycar period I9I251, 
swine erysipelas was responsible for an 
estimated annual loss of $21,000,000* 

NATURAL HOSTS 

Jean (1031) pointed out that iii Europe 
the erysipelas organism had previously 
been recovered not only from swine 
bill from pigeons, mice, guinea pigs, lambs 
cows, colls and from the bone marrow of 
a deal horse Kondo and Sugimura (1931) 
isolated the organism from both marine 
and freshwater fish, houscllics, and rotten 
horscincat Van Es and McGrath (1936) , 
m a review of European and American 
literature, rcixirtcd that the organism had 
been found also in man, dog duck, fowl, 
turkey, mud hen, parrot, common spar 
row, canary buds, finches siskins, thrushes, 
blackbirds turtledoves, and quails Lcvinc 


et tn SninilluTr tgtuuUural Rcveai^ Sex 
SI) '\4vluil,^tOII I> (- I-IjI I» *** 


(1952) mentioned the recovery o£ Uie or 
minism from pheasant, peacock, iuld mat 
lard, parakeet, white stork, and a heirinq 
intll Of interest in the United States, M a) 
son (1927) fonnd in Soutliern Cahfornn 
an epizootic caused by B munsepttcus 
among meadow and house mice Ki) 
(1931) isolated organisms similar “ *0 
rhmiopalhtae from the joint of a lamb am 
indicated that other recoveries l'“ 
made as early as 1924 Marsh (1931) also 
isolated £15 rimswpathiae from die a 
fected joints of lambs Beaudette and Hml 
son (1936) identified the organism as re 
sponsible for a disease outbreak in a mr 
key flock Erysipelas in turkeys has since 
become a bacterial disease of major nn 
portance to the turkey industry = Graham 
et al (1939) reported heavy losses in duel- 
lings, which were apparently due to hr) 
Thustopallnae The organism has been as 
sociated with death losses in diickcns 
(Breed, 1943, Grej, 1941, Evans and 
Narolsky, 1954) Stiles (1914) 
the erysipelas organism from a wild brow 
rat Hartsough (1945) isolated the orpn 

ism from farm raised mink Moulton e 0 
(IDoS) observed artlmtis in calves, aim me 
joints of one calf yielded tile organism 0 
erysipelas Connell (1951) noted its pres 
dice in a northern chipmunk Seibold an 
Neal (1956) isolated Cry rhusiopathtae 
from a dead porpoise, which had been 
living in captivity , 

Klauders (1933) review of crysipcloiu 
in man serves to emphasize the vane 
sources of infection These ranged from 
Uie handling of swmc carcasses and Uu-ir 
by producu in the abattoir to the hamlimg 
of fish, clams, tallow, grease, 

|H.Us and a horse carciss Morrill (193 ) 
isolated Uic erysipelas organism from •* 
lesion on the hand of a vcicrmary siudcn . 
as well as from a poorly preserved poriion 
of a horse caicass winch the student na 
been ihsscciing 

SUSCEPTIBIUTY OF 
EXPERIMENTAL ANIMALS 

White mice and pigeons ire highly 

> liMTui/ Oitrasft of ^ 

1) V \\a«hiii);toii I) C i'Jjd |i 
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growtli in plain broth after 24 and 48 
hours’ incubation at 37° C is best described 
by Smith (1885) , i\ho noted “a faint opal 
escence, which, on shaking, w'as resoUed 
for a moment into delicate rolling clouds 
Slight sedimentation will be seen after 21 
hours’ incubation After 48 hours, upon 
gentle shaking of the tube in a circular 
motion, the viscous appearing sediment 
uiil slowly spiral upward, forming a tad 
Breed et al. (1948) gase the optimum pH 
for growth as 7 6 The addiuon of serum 
to fluid media results in a more luxuriant 
gro\stli In studying the growth require- 
ments of two strains of tlie organism Hut 
ner (1942) found the necessar> materials 
to be one or more ammo acids supphe 
as a casein or gelatin hydrolysate, nbo a 
'in, and oleic acid as a substitute or 
serum 

Byrne et al (1952) observed that some 
strains produced a small zone of alp 
hemolysis around smooth type colonies, 
although they found this factor was no 
constant with a strain and was more pro 
nounced and regular 'vith rabbit an 
'vith horse blood They observed also that 
rough colonies did not induce hemolysis 


Biochemical Reactions 

According to Karlson and Mercliant 
(1941), £ry rhusiopathiae pTodwes hy ro 
gen sulfide, but tests for indol formation 
nitrate reduction, catalase formation, an 
methylene blue reduction were 
The Voges Proskauer and je 

^so isere negative Byrne et al 
ported that nitrate reduction and pr 
tion of hydrogen sulfide can be varia 
It has been demonstrated by Usdm a 
hirkeland (1949) that strains of die org 

are capable of producing 
‘lase Ro\^seU (1955) studied the h>a» 
onidase activity of recent isolates an 
^ept on artificial medium for a 
found no qualitative difference m uicir 
fi'Uy 

In carbohydrate media, according to 
^reed et al (1918), acid but no S®* 
formed m glucose, galactose, fructose, a 


lactose and is formed more slowly m man 
nose and cellobiose Neidier aad nor gas 
IS produced m arabmose xylose, rhamnose. 
malto«e melibiose, suctosc trehalose, raf 
fino,e, melezitose dextrin, starch, inulin. 
amygdalin salian, glycerol eryduitol, 
adonitol manitol, sorbitol, dulcitol, or in 
ositol The addition of serum can result 
in an acid reaction m dextrin, maltose, 
mannose, sucrose and trehalose Inocula 
tion of litmus milk may result m little or 
no indication of acidity It is recognized 
that the fementatton reaction of tins or 
Kinisin can be sometvhat variable, vthi^ 
bet is well discussed bj B)rne et al 
(1932) Wix and 3Voodbine (193a) , and 
Tiffany (1935) ^or this reason, famibarit) 
™ru.e genial pattern of fenuentatton 
reacuons of I-nown strains in tlie media 
^ttnely used would be advantageous 

Serologicctl Characlenstlcs 

Marsh (19S3). 

ak present tn different proport.ons, 
"nditre responsible for cross aggluunatton 
and are p j Australian strains 

*°rna lo “itir predominant antigen ami 

cording to til „ 

'’Tin vvuh Group IV comprising strains 
T ! d.^not fall willtin tlicsc group 
Tb!, if (1917) dcmoiisir.te.1 il.n growlb 
Glcdbili (IJ 1 ujuccd bolb thermo- 
in serum media | miigcn 

“r^eXbdiff M billed f)L- 
He suggested t m [ 

suspensions bci „ ^ cr)iipcla! 

described two serological 
Dcdic (I91J) rhuswl>alhiae. 
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manner in which they move conveys the 
impression that they are in pain When 
walking, they manifest either a rather stiff 
stilty gait or obvious lameness Upon stop 
ping, they may be seen to shift their weight 
m an apparent effort to ease the pam in 
their legs If left alone, they will soon he 
down, but do so carefully The pigs show 
mg disinterest may evidence some reluc 
tance at being disturbed, but will make 
little or no effort to get away Upon being 
forced to get up, they may stand for only 
a few moments before lying down again 
While standing, the feet are carried we 
under them and the head is hung 
tedly, giving the back line a marked ^^ched 
appearance Others will not 
stand and even when assisted will wo e 
or stagger and eventually sit down or a 
over The manifestation of arthrins may 
remain and progress to permanent damag 
of the affected articulations As the am 
mal recovers, it can also either disapp 
permanently or recur and become 
Most animals will show either a g 
appetite or complete inappetence 
casionally an animal will back 
the feed and regurgitate Bowel in 
mcnts are usually retarded and tiie 
firm and dry, although as the P 

gresses a diarrhea may appear Ham g 
(1933) observed that diarrhea was , 

among small pigs but rarely seen in 
hogs 1 ,- 

Cutaneous lesions (urticaria, or 
mond skin lesions) appear as early a 
second and usually by the third . 

exposure to infection Ihey are c 
by Munce (19-12) as 
biles On tile light skinned hog diey . 
seen as small, light pink to dark p P 
areas that usually become raised, 
to the touch, and in most instances ar > 
easily Iclt by running the hand os 
sliouldcrs, hack, sides, and hcllj ,, 

mals sMth dark pigmented skin one 
rely mainly on palpation, aldioug i 
ohsersed trom a proper 1>'"P““' , 
"clilikc lesions can he seen on Hie 
haired areas o£ lire skin At times, i 
ostr a lesion along die hack and si 


be slightly raised above the surrounding 
level The lesions may be few in number, 
and tlius easily overlooked, or so numerous 
It ssould be difficult to count them all 
Individual lesions by evtension ot the bor 
ders assume a shape svhich is quite char 
acteristic svhen seen or felt for tliey easily 
suggest a square, rectangular or rhom 
boidil pattern These lesions may, in a few 
days gradually lose tlieir sivelling and 
coloration and disappear, isitli no suhse 
quent effect other than a superficial de 
squamation to mark the site In other in 
stances the lesions become joined losing 
iheir individual identity and coser large 
areas of the skin The intensity of llicse 
skin lesions which seems to be indicated 
bv die degree of coloration from light pink 
to an angry purplish red has a direct re 
lationship to the outcome of the mfctiion 
Light pink to light purplish red lesions 
svill disappear witliin four to seven day. 
after tlieir first appeannee whereas the 
extensive angry dark purplish red lesions 
can precede cither death or necrosis of tlic 
skin thus passing into a chrome manifcs 
Xn of die dttease The difference be 
tween the early appearance ot diffuse 
ivxMi.ftn and ilic colontion resulting 
horn Uie joining of individual *'^**°"® 
!.rcompared ts.lh the presence ot a t w 
scattered lesions, appears to he one of dc 
grcc only, in that the 
Sntrol infcctisiiy (siisceplihiliiy of e 
host, virulence ot die organism, “ 
route ot infection) pciniit a sudden over 

:Me::r&u! ilie sn; 

nf die cutaneous or urlicarial lesions, Cre) 
riolVal demonstrated die iiiipornnt re 

*.\e';fm"%'Zued’“alUa-;folX 

:^u°on and"." e considered norma, k 
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gens He found living cultures of both A 
and B groups capable of inducing good 
immunity After killing the organism, only 
those of B group produced immunizing 
vaccines This immunity protected mice 
against groups A and B l^ce et al (1952a) 
m a study of Canadian strains noted, as 
did Gledhill (1945) , that such differences 
as were observed between strains ap 
peared to be quantitative rather than 
qualitative 

Ewald (1955) examined what he called 
the O (serological complete) and o (dis 
sociated variant) forms of three strains of 
organism of antigenic groups A, B, and N, 
and found that dissociation was accompa 
med by a loss of group specific antigen and 
a reduction in agglutinogemc acuvity 
Dinter (1948) reported on the specific 
hemaggluimating properties of a strain of 
Ery rhusiopatJnae Dinter and Bakos 
(1948) demonstrated that only a few ery 
sipelas strains show good hemagglutmatmg 
properties They believed the factor in a 
strain for hemagglutination and that for 
producing immunity are identical Schell 
ner and Sdileibheira (1949), following 
tests on horses used for producing hyper 
immune serum, found evidence chat a 
strain of high hemagglutinative ability 
produces immune serum with a high mlii 
biiion liter They mentioned it was not 
clear whetlier tlie degree of iniubition 
parallels the protective ability of the serum 
Roots and Vcnske (1952) observed tliat 
all B strains had hemaggluimating proper 
ties and that A strains did not iia\c this 
abilit) The work of Radvila (1953) mdi 
cated that all hemagglutmatmg strains 
autolyze sjxmtaneously but oUiers do not, 
and auiolyzcd cultures adsorbed on aluini 
num h)droMde immunized mice better 
tliaii lliosc nlucli are not prone to autoly 
sis Gclenczci and Rappay (1955) noted 
lint living B strains produced, within a 
shorter ume m horses, a more potent 
serum tlian did the A strains 

Increased atvarcncss of tlie aiuigtiuc dif 
fercnccs of crjsipelas sirams has helped 
in die development of biologies, and 
appears to have been an aid m the pro 


duction problems associated with speci 
lie immune serum of equine origin It may 
well be that a better understanding of these 
strain differences will help serve to explain 
more fully the nature of this disease as it 
IS encountered m the field 

CLINICAL SIGNS 

The clinical signs of swine erysipelas can 
be divided into three general headings 
acute, subacute, and chronic Although 
visible signs demand die most attention 
one must recognize also the existence of 
subclinical or inapparent inlecnon 

Acute Erysipelas 

Acute swine erysipelas is characterized 
by Its sudden appearance, with death of 
one or more animals Other animals in the 
herd may be noticeably sick, and a few of 
these may subsequently die Those visibly 
sick will have temperatures of 104® F and 
over, and diose with the more extreme 
temperature may show signs of chilling 
The height and variable persistence of 
tempeiature will follow fairly well the 
course of die disease Harrington (1933) , 
however, reported temperatures of around 
I06OF. and Radsback (1951), tempera 
turcs up to 109° F, although the animals 
still appeared normal (Fig 22 2) 

Affected animals withdraw from die herd 
and will be found lying down While some 
may remain alert, oiliers show signs oi 
complete disinterest The former, when ap 
proadied, will resent being disturbed but 
will get up and move away This usually 
will be accompanied by squealing, md tlie 




FIG 22 2— Acuto twine erysipelas, field 
Note dJscoloronon of right ear ond parti of in* 
body (Courtesy Dr L Von Es ) 
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FIG 22 5— Chronic swine erysipelas 
Left, norma! joint Right, affected 
loint (Courtesy A R S , U S D A ! 




erysipelas is the result of some degree of 
the acute infection 

PATHOLOGICAL CHANGES 

With the exception of individual cu 
taneous lesions, acute erysipelas presents 
no macroscopic changes of a strictly pathog 
nomomc nature at necropsy The lesions 
that are observed are those of septicemia 
In the light skinned animals, there is usu 
ally seen a purplish red discoloration of 
all or portions of the snout, ears, throat, 
abdomen, and legs Incision of the skin 
lesions reveals vascular congestion aiw 
purplish red discolorations of the sub 
cutis The lungs may be congested and 
edematous Ecchymotic hemorrhages are 
generally seen on the epicardxum over the 
auricles In the abdominal cavity, the 
stomach and small intestines frequeiUiy 
show a slight or marked inflammation that 
may be either catarrhal or hemorrhagic 
The liver is usually markedly congeste , 
and the gall bladder either normal or 
somewhat shrunken m appearance O p^ 
ticular note is the appearance of ’ 

for It may be congested and marked y en 
larged, and, according to 
(1938) and Van Es and McGrath ( -I* 

punctiform hemorrhages may be present i 
the cortex of the kidneys The ^ 

pearance of the lymph nodes will 
tipon die degree of miolvement in 
area diey dram ^Vhen affected, they may 
appear either edematous and 
show marked peripheral congestion 
mucosa of die urinary bladder eidier may 
he normal m appearance or may presen 


areas of congesuon Affected joints may 
show an maease m the amount of synovial 
fluid This fluid may be viscous or sero 
sanguineus and inflammation of the intra 
articular tissue may be observed 

A histopathological examination of the 
skm showing diffuse purplish red discolor 
ation reveals damage to the capillanes The 
pathologic changes occur m the papillae 
and the upper layers of the derma The 
blood vessels of the papillae are congested 
and distended with blood and may contain 
organisms suggestive of £ry rhusiopathae 
The papillae may also present lymphoid 
cell infiltration and focal necrotic areas as 
a result of circulatory stasis Collins and 
Goldie (1940) desaribed an arteritis in die 
animals they examined that resembled 
polyarterius nodosa and rheumatic arter 
ms m man There is initial swelling. h>a 
line degeneration of the media, and peri 
vascular .nfiltration by lymphocytes and 
fibroblasts These changes ate seen in Uic 

■'“"A 'fSoh"a953) nt-tTstm 
“ar ob^rvattons Godgluck and Wellmann 
(1953) noted these degenerat.se 
in the blood sessels oE llie papillae of the 
u,n oE p.gs shosvmg acute scpt|ccnna 

Cph nodef usually shosv acute hyper 
Jlasuc lymphadenitis, and die cell poor 
uihsmuce oE^ tlie nodes sho.s.ng congesuon 

hjTVrcm.a Some .nscstigtors d^ 

Sbed Ganges m *= “ ‘’5"’°" 

nephrms or as glomemlo..cpl.nus 
Shde Satoh and co-isorUrs prcEctrcd to 
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bacteriological examination o£ the spleen, 
liter, and representathe lymph nodes re- 
vealed that 86 per cent of the hogs classi- 
fied as septicemic and 78 per cent of those 
classified as normal yielded Ery. rhusio- 
patJuae. 

Subacute Erysipelas 

Subacute erysipelas includes symptoms 
whicli are less severe in their manifestations 
than tlie acute. The animals do not ap- 
pear as sick, temperatures may not be as 
high or may not persist as long; appetite 
may be unaffected; a few skin lesions may 
appear which may be easily overlooked; 
and, if visibly sick, the animals will not 
remain so for the same length of time as 
tliose acutely ill. 



fJO. 22.3-“CuJoneoy» or urticarial le»lon» of 
twine eryiipelot. {Courte»y A-R.S , U.S D.A.> 


Chronic Erysipelas 

Chronic erysipelas follows the acute in- 
fection and is characterized by necrotic 
changes, which involve loss of portions of 
the skin, ears, tail, and feet, valvular 
changes in the heart, and, of most impot* 
tance, the occurrence of arthritis. 

The areas of necrotic skin are dark, dry, 
and firm, and eventually become separated 
from the healing underlying tissue and fail 
off, leaving an ugly scar (Fig. 22.4) . Sec- 
ondary infection usually occurs and slovss 
the healing process, whicli, at best, e.\tcnds 
over many weeks. 

Localization of the infection on the 
heart valves can give rise to symptoms 
cardiac insufficiency and will be niost 
noticeable following exertion. 

Clxronic arthritis results in joints that 
show various degrees of stiffness and en- 
largement (Fig. 22.5) . Interference v'^itli 
locomotion ranges from slight to complete, 
depending upon tJie extent of damage and 
number of joints involved. Van Es 
^XcGrath (1942) indicated iltat arth^tis 
may occur as an independent manifestation 
of erysipelas. Aitken (1950) has observed 
apparently healiliy pigs in affected herds 
that later develop arthritis in spite of 
treatment. RailshacL (1951) and AfcNnlt 
(1954) were of the opinion that all chronic 



fIG. 22.4— Chronic »wino •ry»lp«la», cO»*- 
(Courtpty Dr, Floyd Cro»».) 
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areas o£ skin pigmentation, should serve to 
differentiate these conditions The loss of 
the tail, portions of the ears, and even the 
phalanges, can be a sequela of erysipelas 
infection However, there are other causes 
of these conditions such as injury, frost 
bite, and bacterial infections other than 
Ery rhusiopathiae Peterman (1944a), with 
the assistance of A G Beagle, has pre 
pared a chart in the form of lists of van 
ous clinical symptoms requiring yes or no 
answers which serves as a useful guide for 
tlie differential diagnosis of this disease 

ARTHRITIS 

Chronic erysipelas as represented by 
arthritis has been recognized for many 
years, however, the association of Ery 
rhusiopathiae and arthritis in swmc 
national scope is sometimes questioned 
Arthritic swine constitute an important 
economic problem m the industry because 
the condition not only affects the rate of 
growth of hogs, but is responsible for the 
loss of edible meat and increased cost o 
packing house operations A summary o 
activities by tlie U S D A Meat Inspection 
Brandi for the fiscal year 1956 shows ar 
thritis ranking third as a cause for swine 
carcass condemnation Additional losses in 
dude not only parts of carcasses ® 
the downgrading of hams and shou crs 
wludi became mutihated during the 
of final inspection The subject of ^*'^" ** 
in swine is also of academic interest in i 
field of human medicine because of its 
similarity to rheumatoid arthritis m mai 
(Collins and Goldie, 1940. Do)lc. iJU 
Hughes, 1953) rni.- 

^lc^sorkofWard (1922) and of ParKc*- 
Cl al (1924) called attention to the pres 
ence of the erysipelas organism m po»> 
urihriiis of market hogs Stiles and 3' 
(I'JSl) isolated the organism frm" 
PTo\miatcl) 30 per cent oE arthritic J°‘ 
ongiiiaiiiig in the abattoir A 
Incranire b> Collins and Goldie tl-r / 
and die rcsulis of their inscsiigaticns n 
luslratcd fiirilicr die rchuonship 
r/itutopar/iiac and arthritis of ssiinc 
'■"> (1910) examined bactcriologicall' 


senes of joints from a packtng house and 
found tire erysipelas organism in 50 per 
cent of them Grey el al (1941) and Os 
teen (1941-42) examined about 1,000 ar 
thriuc joints of market hogs and recovered 
the erysipelas organism in approximately 
75 per cent of them Connell et al (1952) 
identified the organism in 30 5 per cent of 
the arthritic joints examined The joints 
of eleven 10 week old pigs affected with 
periarthritis yielded Ery rhusiopathiae 
(Jansen ct al , 1956) 

Localization of infection in the joints 
and surrounding tissue by streptococci, 
staphylococci, cornyebactcria, and Brucella 
can be responsible for arthritis and ac 
companying lameness Swan (1949) asso 
ciated pellagra with a secondary infection 
,n voung pigs which led to a crippling 
arJntts Collier (1951) rdentificd five beta 
hemolytic streptococci obotned from mscs 
of suppuratne arthritis kfcNutt e( al 
(1948) and Switzer (1951) isolated a fil 
trable agent from the affected joints of 
pigs whicli may prove to be of more sig 
nificance than is now reilized 

Odicr causes of joint abnornnliucs arc 
iniury and die absence of a proper nutri 
tional balance or adequate assimilation of 
the mineral elements in the feed Border 
line rickets is a common cause of lameness 
'll growing pigs If die rachitic process is 
nermmed to continue, the ainraals nia) 
dciclop enlarged joints and arched Incks 
Holm cl al (1912) obsersed, durin„ a 
dark cloudy spring period lameness m 
t.io''lmcrs that quickly responded to sna 
mioDtlicnp) Earle and Stevenson (19j.) 
r I lint hicli phjtic acid content of 

Sulseerin^wrs 'primarily responsible 

for a lameness in growing pigs, and inorc 
calauni. pliospborous and sitaiiiiii IJ m 
Sc tod si^ere required m procn. the con 
dSion In addilion, dictar) dcfieiencics of 
“ ' "r ribollisin, pantodicnic acid, |isri 
SoT: i^d Siorin'e cause lanienras and 

mVc'; ol' ibese causa.ise facm.s, .he 
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refer to die changes as hemorrhages. They 
also observed one instance of parenchyma- 
tous degeneration of the adrenal gland. 
Sikes et al. (1955a) in their experimental 
series noted that the adrenal gland was 
enlarged in some clironic cases, and the 
zona glomerulosa was infiltrated by many 
leukocytes. The blood picture in acute ery- 
sipelas is one of mononuclear leukocytosis 
witli a neutrophilic leukopenia. 

Animals affected with the chronic form 
of the disease present an enlargement of 
one or more articulations. There may be 
a gangrenous process involving the skin, 
ears, tail, and phalanges', and vegetative 
proliferation on tlie heart valves is not un- 
common. The internal organs may show 
evidence of clironic inflammatory clianges, 
and if there are growths on the heart valves 
tiiey may reflect the lesions that accompany 
passive hyperemia. 

Granulation tissue forms within the af- 
fected articular cavity with proliferation of 
connective tissues, thus forming elongated 
tags tliat may be suspended in the joint 
fluid or attached to the synovial membrane. 
There is tliickening of the capsular liga- 
ments and induration of die periarticular 
structures. There may be erosion of the 
ardcular cartilages along widi periostitis 
and ostitis. Ankylosis of the involved joint 
by fibrous adhesion may also be accompa- 
nied by calcification. 

Vegetative growths on the heart valves 
are composed of granulation tissue and 
superimposed masses of fibrin. Connective 
tissue proliferation occurs with additional 
fibrin formation whicli, in time, interferes 
with nomial heart function and can also 
be die source of emboli. As Kernkamp 
(1911) pointed out, however, all instances 
of this lesion affecting the heart v.ihc arc 
not necessarily caused by Ery. rhusio^ 
pathiac, and streptococci arc capable of 
producing a similar lesion. 

diagnosis 

Ciinicol 

Swine erysipelas in its acute form cannot 
readily be diifcrcniiaicd from other septi- 


cemic diseases such as hog cholera, acute 
salmonellosis, and primary bacterial in- 
fections in young animals. A history of sud- 
den deaths within a herd, several sick with 
high temperatures, variable appetite, stiff- 
ness and lameness, spontaneous recovery, 
and/or subsequent development of chronic 
lameness widi visible joint nialfomiation, 
are symptoms presumptive of swine ery- 
sipelas. The recognition of cliaracierisuc 
square or rliomboid-Iike skin lesions is the 
only conclusive diagnostic finding. Inter- 
nally, the presence of an enlarged spleen is 
suggestive of erysipelas. ^Vitll regard to 
punclfform hemorrhages or petediiae of 
die kidneys, McNutt (1954) considered 
them to be of mucli more significance in 
hog cholera since they appear in 90 to 95 
per cent of such cases. 

Swine erysipelas in the chronic form, as 
represented by necrosis and desquamation 
of areas of the skin, may be confused witli 
severe sunburn, phoiosensitizaiion (Fig- 
22.6) , die effect of ectoparasites, and para* 
keratosis. Careful attention to the hcri 
history, nature and location of th^ 
lesions, and dieir relation to light and dark 



FIG. 22.6-Pholo»®n»J»l2oUof> or /op« polw"'"®' 
fi*ld ea»«. Nolo necrotic portion! ol I*'* • _ 
and *kin over the noeJe. (Courtety Df- ^ 
Roiltbock.) 
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Connell and Langford (1953) who placed 
the tissue to be cultured into broth which 
was then held under refrigeration for 
several days The resulting fluid inoculum 
was then plated onto a somewhat modified 
Packer s medium, incubated for 24 hours 
at 37° C , and held for another 24 hours 
at room temperature before examination 
of the plates Erysipelas organisms may 
also be recovered from white mice or 
pigeons following death, which have been 
injected with either tissue fluid or the 
contaminated culture Although the organ 
ism may be present in the material used 
for injection, the mice or pigeons may not 
die because of either too few numbers or 
the relative avirulency of the organisms 
In this regard, Wellmann (1934b) found 
that organisms recovered directly from ar 
thntic joints and lesions on the heart valves 
had little pathogenicity for mice and pigs 
but after growth on artificial media they 
generally acquired high virulence for these 
animals 

Preliminary identification of the organ 
ism IS based on (1) selection of sevcra 
suggestive appearing single , 

the aid of either a hand lens (lOX) 
broad field microscope and inoculation m o 
nutrient broth (2) characteristic growui 
in broth after 24 and 48 hour incubation 
(3) morphological appearance w le n 
stained according to Gram, and tv 
reaction pattern m carbohydrate me la 
For final confirmation a mouse protecuo 
test IS conducted If tlie unknown is O 
rhiisiopathiae, the mice receising only t »c 
culture should die, while those receiving 
die culture and specific immune 
should remain alive and heallliy I ' 
unknown is avirulcnt for mice, the 
of rabbits can be tested, after a scries 
inoculations, for the presence of 
agglutinins using Ery rhusiopalhtoe P ^ 
antigen A strong agglutination rcac i 
will confirm die identification 
S«rQlogical 

llic lube and plate ngglunnation test 

"as introduced by Scliocning cl el 
Ilicir insestigations (1935 and ^ . 

the findings of Stiles and Dasis (1931) 


Rice et al (1952b) have shown the test to 
have definite limitations, and the best 
diagnostic results were obtained in chronic 
cases of swine erysipelas Since tlie test is 
more applicable to a herd than to Uie in 
dividual diagnosis, several animals should 
be tested to get a representative picture 
Grey et a! (1941) have described in detail 
a mctliod for preparing the antigen and 
a technique for conducting the test 

Wellmann (1955a) reported on tlie ev 
periraental application of the hemagglu 
tination inhibition test (Hf) and the 
svachstumsprobe ()VP) or growti. test as 
a means of testing tlie pig for susccptibi ity 
and/or immunity He recommended that 
the two tests be conducted togetlicr in or 
der to determine the status of the ammil 
In subsequent experiments, 

/I956) has noted the tests "Orb differently 
m different age groups and m 
that became immune through the colos 
trum of immune dams, by vaccination, or 
by natural or aruficnl infection 

IMMUNITY 

According to Fnedbcrger and rrolincr 
11908) . the first effort to immunite am 
mals against swine erysipelas was made by 

Paten? (andThnilher) in 1832 who used 

omanisins of reduced virulence In 189- 
Sir inlroduced tlie active passive 
tcdiod involving first the use of imniiine 
scrum and followed in a few “ 

mmclion of culture Lcclainc he. n 1897 
^ fi\ that ilie scrum and culture be 
Kd and administered simultaneously A 

niixcu an i^n niclliods rc- 

nlmd mtc simultaneous adiiiinistrilion 
of ctm ?ml culture, and Uii. procedinc 

'(tdrdTclopld a collo’idl. Iiidtoly^^d 

antigen Vii'cs 

j.o.iii..i.inu.ns 

lurcs iviolct 111 niiec and 

glycol, an > ^ ,c|«„lcd 

iuuiHt,vnO 
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findings of Grey et al (1941) strongly in 
dicate that the erysipelas organism must be 
considered responsible for the majority of 
artliruic hogs in this country 

Bacteriological 

Recovery of Ery rhusiopathiae from the 
living or dead animal provides a definite 
diagnosis of erysipelas Hubbard (1952) 
and Brudnjak and Kralj (1955) reported 
on tile use of hemocultures as a diagnostic 
aid in the living animal A single pig 
however, may ha-ve a negative hemoculture 
one day and may be positive on one or 
more succeeding days For this reason, 
hemocultures should be made on several 
affected animals in the herd 
Tissue for bacteriological examination 
should be handled m a manner so as to 
reach the laboratory in the best possible 
state of preservation Sterile cotton tip ap 
plicators in individual glass tubes can be 
conveniently used to obtain inoculum dur 
ing the necropsy When possible, the heart, 
lungs, liver, spleen, kidney, lymph node (s) , 
affected joint (s), and a section of skirt and 
underlying ussue (4"x4") showing dis 
coloration should all be examined This is 
because the organisms may be fe%v in num 
ber or seemingly absent in some of the tis 
sues and may be very numerous and easily 
recovered in olliers Thus, the omission of 
certain tissues may account for die absence 
of laboratory confirmation of the field 
diagnosis Morrill (1945) noted from 
laboratory examinations that die kidney 
yielded the organism most frequently with 
spleen, liver, and affected joints following 
in that order The importance of examm 
ing several tissues was well demonstrated 
by the findings of Muller (1954), who 
examined bacieriologically 15,891 pigs rc 
quinng emergency slaughter Ery rhusxo 
palhiae was found m 4,139 of diem Of 
this number, the organism was present m 
die musculature and organs of 1,829, in 
several organs of 1,5G3, kidney only of 336, 
spleen only 280, liver only 84, Ijmph nodes 
only 20, musculature only 16, and m mis 
cellaneous parts mil pigs In addition, m 
one senes of 1,152 positive findings, 404 or 
35 per cent of the cases were submitted 


without any history of erysipelas being 
suspected 

Joints are more easily opened, and m a 
sterile manner, when one end is secured 
in a vise The skin, underlying rnuscle, 
Tatty portions, and loose pieces of tissue 
are first removed Then, widi a Bunsen 
burner, the surface is thoroughly seared 
The joint is opened with a flame stefihzed 
scalpel using leverage obtained eitlier by 
grasping the proximal extremity with tlie 
fingers protected by several thicknesses of 
paper towel or by inserting a heavy pait 
forceps, or the like, into the marrow cavit) 
Several inoculations, consisting of syi^tivial 
fluid, bits of intra articular ussue and 
scrapings of affected cartilaginous surface 
should be made into culture media Af 
fecied joints widi varying degrees of visible 
alterations wilhm tlie joint cavities do not 
necessarily assure the isolation of 
rhusiopathiae or other bacteria Sikes et cl 
(1955a) were unable to isolate the organ 
ism in cases showing advanced clifonic 
arthritis 32 weeks after exposure Con 
versely, Hughes (J955) found dieorgtftwsm 
m joints up to 83 weeks after eitpcn 
mentally induced artlintis 

The affected skin section must be ap 
preached from below, for this reason it 
should be removed leaving a smooth un 
dersurface which can be more easily seared 


by the Bunsen burner After searing, a 
convenient sized ‘ well ’ is then made by 
removing a section of tissue down to the 
epidermis using flame sterilized scalpel 
forceps, carefully avoiding puncturing tJ'® 
relatively thin epidermis By making 
low crisscross incisions and scrapings 'vit' 
ilie scalpel, tissue fluid and debris are lUade 
available for the inoculation of media 


Isolation of Ery rhusiopathiae from tis 
sue or cultures containing organism^ t) 
spreading colonial nature is sometimes dc* 
sitable A simple and practical raetliod I'^s 
found by Dale (1940) which consisted 
transferring a loopful of culture into 0-^ 
per cent phenolized brotli and iiicubaung 
at room temperature for 2t to 18 hours 
A loopful of tins culture is then streaked 
on solid medium for subsequent exaiihua 
tioii Anotlicr meiliod was developed b) 
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The gilts ^vcre found to be immune from 
4 to at least 8 months after vaccination 
When weanling pigs were vaccinated and 
tested at intervals for immunity by the 
percutaneous method of diallcnge, 53 per 
cent of the pigs were found to be pro- 
tected up to and through the average 
marketable age of 5 to 7 months (Shuman, 
1953b). In an elfort to increase the num- 
ber of protected pigs, Shuman and Earl 
(1954) vaccinated weanlings with an ar- 
bitrarily selected dosage ratio of 1:6, (cul- 
ture Yz nil. and serum 3 ml.) , in place of 
die prescribed ratio of 1:20, (culture Y 
ml. and serum 5 ml.) . The results of per- 
cutaneous exposure indicated a marked 
improvement in die number of pigs pro- 
tected and the duration of immunity after 
vaccination. Thus, on an experimental 
basis, simultaneous vaccination of wean- 
lings appeared to be a useful procedure 
in providing protection for pigs to tlic time 
they are marketed. 

Although the experimental results from 
gilt and weanling pig vaccination readily 
suggested a cyclic vaccination schedule, 
there is no reported experimental or field 
evidence to show that sucli a procedure is 
of value. It is quite possible that, instead 
of the culture stimulating a booster effect, 
resistant weanling pigs tend to neutralize 
its immunizing potential (Shuman an 

Earl, 1954) . 

Attenuated or Avirolent Vaccines 

Vaccines of reduced virulence 
in use for many years in Europe an 
die principle behind their application 
originated with Pasteur. In 1955, ^ 
of this general description was 
and made available to veterinarians^ m 
United States, although its use “ 

state was subject to the discretion ^ 
respective State Livestock Sanitary aut or 
ities. . , 

Reduction in virulence or attenuation o 
selected strains of the organism entering 
into the production of the principal vac 
cines have been accomplished 
posure to either air-drying (Staub, J 


1910), or to media containing acridine 
derivatives. Kondo et al. (1932) used 
try’paffavine and rivanol, and subsequently 
introduced what is known as the Kondo 
\accine (Kondo and Sugimura, 1935). 
Sandstedt and Lehnert (1944) also used 
trypaflavine to develop the Swedish AV-R9 
vaccine. 

Kondo and Sugimura stated that trypa- 
flavine-fast organisms were not virulent for 
mice and pigs, and the latter have tolerated 
up to 800 ml. without harmful effect. Wn- 
dik (1952), and Staub mentioned the at- 
lenuated organism is “practically aviru- 
Icnt for mice and is nonpathogemc for pigs. 
Of the Swedish vaccine, %Viidik (1955) ob- 
served that it did not cause a local or sys- 
temic reaction in pigs, even with a 60-ml 
dosage, and that the organism had not 
been recovered from them following vac- 
cinaUon. Further, no difficulty had been 
encountered following its use in 
and pregnant sows during the first half of 
gLadoi Gray and Norden (^55) demon- 
strated die avirulcncy of a domestic pro- 
duct in mice, pigeons, guinea pigs, turkey, 
swine, and man. Of Staub s vaccine, Traw- 
inski (1949) concluded from field tests in 
Poland that it was permanently attenuated 
and had lost its pathogenic properties for 
nto Ae incidence of post-vacanation 
nouble was due to "the presence of ery- 
sinelas carriers among pigs. 

*Trypaflavinc.fast vaccines do not recover 
thei^^original virulence after repeated 
nansfets L favorable media of through 
• Tnassaec Parnas el al. (1954) stated 
Xr foCwing the passage of Staub’s 
crr;,in in bouillon containing 
serum, there appeared a rise in vim- 

‘The means hy which these avhulent 

vaccines induce immunity has been ex- 
vacanra /in 52 \ and Murase and 

plainrf y f.nm dieir work with mice. 

Sob eneVtoe was a limited mulli- 
'T'Tn of the organism in the animal s 

phration of the ^ ,,e„ 

TdTn the spleen and lymph nodes 100 
d“flatcr In other words, mulliphcalion 
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The biological control of swine erysipelas 
can be grouped under four headings (1) 
serum, (2) serum plus virulent culture or 
the simultaneous method, (3) attenuated 
or avirulent vaccines, and (4) killed or 
gamsms or bacterins 

Serum 

Serum is obtained from horses which 
have been hypenmmunized through re 
peated inoculations of the erysipelas or 
ganism Normal pigs injected with serum 
receive immediate passive immunity, but 
It IS of relatively short duration It is gen 
erally believed the immunity persists for 
about two weeks 

Serum and Culture 

The vaccination of swine in die United 
States, using virulent culture and hyper 
immune serum of equine origin, began in 
Nebraska in 1936, under the guidance of 
Van Es and AfcGrath In 1938, a coopera 
tive state and federal project for the con 
trol of erysipelas was initiated State 
authorities designated the areas in whjcli 
die culture vaccine could be used and the 
veterinarians who were permuted to apply 
It This arrangement served to limit the 
indiscriminate use of the vaccine in all 
parts of the country In 1956, 27 states were 
participating in the cooperative program 
The results of a 10 year study involving 
more than 12 million animals were sum 
marized by Peterman et al (1948) With 
regard to safety, they observed the number 
of cases of erysipelas following vacanation 
^vere extremely small, however, they 
stressed the importance of using only live 
culture where die disease is known to exist, 
and where it poses an economic Uireat 
Vaccinated animals did not appear to seed 
down die premise nor to transmit the dis 
ease to non vaccinated animals Neither 
were they harmfully affected \Nhen preg 
nant, or when \accinated simultaneously, 
iMth hog cholera serum and virus On the 
basis of a one year study, they concluded 
that an additional injection of culture 
alone had no advantage over the one 


simultaneous vaccination with serum and 
culture When vaccinated and non vac 
cinated herds m erysipelas areas were com 
pared, the evidence indicated that ini 
munization in pigs was produced following 
vaccination, and that it was of sufficient 
degree and duration to protect the great 
majority during the time tlie pigs were on 
the farm The duration of immunity on 
an average persisted for 6 months They 
recommended tliat a control program could 
be started at any time regardless of age 
and size, but preferred to vaccinate the 
gilts after they had been selected for breed 
mg purposes, and their sucklings before 
they were 2 weeks of age The dosage of 
serum was as follows 5 ml for pigs up to 
50 lbs, 10 ml from 50 to 100 lbs, 15 nil 
from 100 to 150 lbs, and 20 ml for over 
150 lbs Culture dosage was 14 ml for each 
5 ml of serum In this connection, Van Es 
et al (1940) , Van Es and McGrath (1942) 
and Fechner (1954-55) have pointed out 
that satisfactory immunization witli this 
method depends upon a balance 
Uie quantity and potency of the serum 
and the infective potential of the culture 
Standards have been developed for the pro 
duction of these biologies, although these 
standards have been related to pigeons or 
mice In actual practice the amount of cul 
ture and serum used is quite variable, and 
there is a need for re examination of the 
dosage schedule m pigs 
Shuman (1953a) , using the percutaneous 
metliod of challenge, observed dial the 
vaccination of baby pigs from an erysipelas 
infected premise wiUi serum and culture 
2 to 5 days after farrowing was of no value 
in protecting growing pigs Because eiy 
sipelas IS not uncommon in sows and suck 
ling pigs, and even in pigs a few da)S o 
age as was noted by Waller (1938), some 
prophylactic measure is necessary during 
tlicse intervals of life Shuman (I953c;r 
following the suggestion of Peterman ^ 
(1918), found baby pigs derived from gin* 
vvhidi were immunized through vaccina 
lion, to be immune to percutaneous ex 
posurc up to and including 6 weeks of age 
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after 21 to 28 da>s In field trials conducted 
from 1947 to 1951, Maas (1953) noted the 
single vaccination produced protection in 
pigs at most up to 3 montlis when vac 
cinated twice, there was an adequate im 
munity for at least 6 months These re 
suits were comparable to those experienced 
by investigators in other parts of Europe 
according to Maas 

Under laboratory conditions and using 
the percutaneous exposure technique 
Thomson and Gledhill (1953) found tlie 
single injection of bactenn provided pro 
tection for at least 10 weeks Wiidik and 
Ehlers (1953) observed pigs to be im 
mune at 3 weeks but at 10 weeks 8 of 10 
vaccinated pigs showed evidence of general 
ized infection The work of Shuman (1954) 
indicated a variability between two com 
mercial products, with the better of t e 
two inducing 100 per cent immunity at 
month, 28 per cent at 2 months, and 
per cent at 3 and 4 months after a single 
vaccination Gouge et al (1956b) foun 
the single injection to protect over one- 
half of the pigs 3 months after vaccination 
and demonstrated the superiority of t e 
double over the single vacemauon At 
months after vaccination those dou e 
treated showed over 70 per cent protccuon, 
as against approximately 25 per ® 
the single treated pigs Sikes el a‘ \ ^ 

using an intravenous challenge ® 

seiaed tliat some protection was evi e 
6 weeks after vaccination, but mentione 
It was not complete because all die pig* 
developed clironic polyarthritis 

Delpy and Hars (1953) introduced *1 
l>sed vaccine (Immunig^ne) In 5®”^ ’ 

tlieir ledimque consisted of allowing m 
mum multiplication of die organisms, 
addition of a bacteriostatic, and o ow 
by an undisclosed mediod winch 
aged autolysis An adjuvant, saponin, 
added to die product to 
riiaiion and delay absorption alter 
cinaiion A product produced m this m 
ncr was licensed and made a'adauie 
'cicnnanans in die United States m 
This product must be injcctc si 
lancoujly at the junction of die car 


head, and m the exact dosage indicated 
by the producer (Delpy, 1955) He also 
mentioned that, due to the saponin, when 
injected into the skin, it will cause necro 
SIS if m the muscle, a strong inflammatory 
reaction will result Ordinarily a local soft 
tender swelling will appear soon after vac 
cmation This swelling will decrease m size 
after 2 days leaving a firm almond sized 
nodule 

Using the intradermal exposure tecli 
nique pigs withstood 1,000 D E (equal to 
10 million X minimum reacting dose) 8 
months after vaccination In die field, 
Delpy (1955) stated, ‘after 12 months 
some vaccinated pigs may show a variable 
degree of skin reactivity, but Uiese pigs 
cannot as far as we can see, be infected 
by contact with sick animals 

TREATMENT 

An erysipelas serum (Sussenn) 
recommended as a curative m ISOS by 
Schutz and Voges, altliougli Lorenr m 1892 
introduced the use ol immune serum from 
BIBS horses, and sheep in connection with 
prophylactic vaccination « For approxi 
matelv the next 50 years, hyperimmune 
semm*^was the only wortliwhde available 
fom o/ treatment Its value and l.mita 
uZ have been noted by Harrington 
/1033) Lcntncr (1940), Munce (191), 
Van Es and McGrath (1912) . and A.tl-cn 
(1950) Although affected animals oltcn 
ZoZ quite qu.cUy alter scnim therapy, 
ZZl do not respond favorably and may 
die or develop clironic manilcstalions of 
disease For maximum effectiveness tlic 
turn mmt he administered early m the 
course ol the disease 1 he dosage, injected 
“Uter subcutaneously or •ntra'cnmtsly. 

^ r^ilv depends upon die weight of Uic 
fmoSm^TiUvary^r^ or 

Ilnlc (1939) observed that 

— 

ucatment ol ^ r„,,. (jpll) 

tTwoZ (1915) -FO'-'-' “-ootagms 

Fnoltcisc and IWi 
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impractical level of stress on tlie degree of 
immunity of the vaccinated animals, and 
the individual differences in tlie interpre- 
tation of tlie results may convey an er- 
roneous impression of the relative merits 
of a biologic for swine erysipelas. 

EPIZOOTIOLOGY AND CONTROL 

Experimental Methods for^ 

Inducing Erysipelas in Swine 

The most outstanding problem con- 
fronting investigators in the past was the 
inability to reproduce swine erysipelas ex- 
perimentally with consistency. Neverthe- 
less, Fortner and Dinter's review (1944) 
of parenteral experimental transmission 
experiments from 1885 to 1942 in Europe 
and the United States, as well as dieir own 
contribution, served to emphasize tliat 
erysipelas in varied form had been repro- 
duced by many individuals. The works of 
Ward (1922), Murray,’ Watts (1940), 
Collins and Goldie (1940) , and Schoenmg 
et al. (1940) also add to the accumulated 
evidence. More recently, the successful ap- 
plication of exposure methods for me 
study of experimental infection 
have been reported by Shuman (19o } • 
Usdin et al. (1962), Hars and Delpy 
(1933) , Godriiick and Wellmann (19o6) . 
Wellmann (1953) , Spencer (195-() , 
el al. (1954), Nishimura et al. (1J54), 
Sikes et al. (1956a), Rowsell (1956), 
Hughes (1965) , and Gouge et al. (I95t>a) . 

Swine erysipelas can be induced wperi 
mentally in susceptible swine by uie in- 
troduction of virulent organisms into me 
body of me animal, either orally or uy 
several parenteral routes; however, o 
various routes, the percutaneous or s'l 
scarification and intradermal *1“. ® 
have an advantage in that, in addition 
animal attitude and temperature, they p 
mit visible estimation of tlie severity o 
the infection as measured by the lara 
ter of the cutaneous reaction (Figs. •- 

and 22.8). „ 

The percutaneous or skin scan icatio 

/ci^by Dcfosscl. A. J.. 1932- S”"' 

*cu Med. 27:224. 



mcdiod of Fortner and Dimer (1944) con- 
sists of placing on the previously clipped 
side of a pig, at equal intervals, vertica 
lines of scarification. A desirable degree of 
scariBcation is reached "'ll™ “ 

amount of serosanguineous fluid appears 
uniformly along the line. By means of cot- 
ton-tipped applicators, me organisms m a 
fluid ^medium are inoculated into the 
abraded skin. In me author's experience, 
approximately .07 ml. is applied to eadr 
line of scarification 5 to 6 indies m lengm. 
Further in one experiment, mere was no 
particular dilfercnce in the development 
of cutaneous reaction between on the 
same tl’^t received an estimated 7,000, 
ro“oo! 700,000, or 7,000,000 organisms. In 
In’other experiment each inoculated line 




3. 22.8-chmn.= .wi- "rVi!: 
,R.S., U.S.D.A.) 




352 


Section III BACTER/AL AND MYCOT/C INFECTIONS 


results on the Uierapeutjc value of su]fon 
amide compounds A review by Wood 
bine (1950) of Ins work and others per 
mitted the conclusion that the sulfonamide 
compounds which they examined are in 
effecme in the treatment of erysipelas in 
feciion 

Heilman and Herrell (1944), Van Es 
et al (1945), and Grey (1947b) demon 
strated the bacteriostatic action of penicil 
lin salts in vitro and m vivo Schatz and 
Waksman (1944) and Woodbine (1947) 
reported streptomycin to be effective m 
vitro, the latter finding it to be less ef 
tective tlian penicillin Pner and Alberts 
(1950) observed penicillin to be more ac 
tive m iiifro than chlortetracycline and 
streptomycin Moynihan and Stovell 
(1954), following m vitro and m vivo 
tests, found Ery rhusiopathiae sensitive to 
chlortetracycline, oxytetracycUne, and tetra 
qcline and highly sensitive to penicillin G 
Streptomyan was of doubtful value even at 
dosages four to five times that of penicil 
Im Erythromycin, bacitracin, and chlor 
araphenicol were ineffective m vivo, al 
lliougli erythromycin showed marked m 
vitro activity against the organism Wix 
and 4Voodbine (1955) by their tests, 
showed iliat streptomycin, dihydrostrepio 
mycin, chloramphenicol, polymyxin B, and 
neomycin were without antibacterial ac 
tivity, oxy tetracycline, chlortetracycline, 
and bacitracin, in this order, had decrcas 
ing antibacterial activity, peniciUm and 
magnamyem had continued antibactenal 
activity over a period of 7 days, the former 
being considered the most satisfactory anti 
biotic at tins ume 

The successful application of penicillin 
in the treatment of swine erysipelas was 
first reported by Auken (1919) His sug 
gcstcd dosage was about 1,000 units of 
penicillin in about ml of scrum for 
cacli pound of body weight, and rccom 
mended ilie animals be observed in 12 to 
21 hours Wiebncr (1952) found pigs 
treated wiUi penicillin shovicd a recovery 
rale of about 95 per cent, vsitli an average 
recovery time of 21 hours, whereas 'viUi 
only scrum the recovery rate was about 79 


per cent, witli an average recovery time of 
3 days 

Muller (1955) treated pigs with peni 
allm at the rate of 3,000 to 4,000 units per 
kilogram of body weight, which was ad 
ministered twice in 24 hours, and experi 
enced 89 per cent recoveries, whereas 
serum alone gave 42 per cent recoveries 
In addition, 28 per cent of the pigs treated 
with serum and 5 per cent treated witli 
penicillin showed residual effects of ery 
sipelas later When serum and pemallin 
were combined, he reported that 88 per 
cent of tlie pigs recovered, 8 per cent died, 
and 4 per cent required emergency slaugh 
ler 

Railsback (1956) recommended the use 
of procaine penicillin G in oil plus scrum 
the former being administered at the rate 
of 3,000 units per pound of body weight, 
and the latter varying from 5 ml for baby 
pigs, 20 ml for pigs 75 to 100 pounds to 40 
ml for those over this weight If after 18 
hours an animal has a temperature of over 
104® F, tile treatment may be repeated 
All treated pigs are earnotclied for per 
manent identificaiton 

Evaluation of Biologies 

Field evaluations serve a necessary and 
useful purpose, however, tlie results arc 
subject to controversy because of such He 
tors as (1) passive and active immunity 
dirougli natural causes, (2) the dilTerencc 
in induced levels of immunity m individ 
ual pigs through vaccination, (3) the van 
ability of exposure to infective organisms 
from none at all to one of high patho- 
genicity, (4) the wide varntion of clinial 
symptoms presented by erysipelas, and (->) 
in most instances tlic absence of non vac 
cinated controls On the other hand, lab 
oratory examinations can eliminate most of 
die vnriablcs and permit Uie accumulauon 
of accurate data. At Uic same time, 
dita are limited m dicir appiicaiion 
m that die conditions of an cxpcrinicnt 
can only approximate tlie conditions under 
uhidi the biologic operates on die farm 
The route and degree of challenge selected 
may be unnatural and impose a high but 
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er)sipclas ^vas not conducted Of 280 pigs 
clnllcngcd for susceptibility by either a 
multiple or a single intracutaneous or sub 
cutaneous injection, 100 failed to shots csi 
dcnce of disease 

Fnedberger and Frohner (1903) stated 
pigs tserc least predisposed to erysipelas 
during die first months of life, and tint it 
rarely occurs after 3 years of age They also 
mentioned Uiat the susceptibility of differ 
ent breeds of pigs \aries greatly, and noted 
the “common country pig" 'tas the least 
susceptible Age related to insusceptibility 
may be explained from tuo standpoints 

(1) passive immunity in the young and 

(2) active immunity in the older animals 
Suckling pigs of immune dams were shown 
to be immune to infection several weeks 
after birth (Shuman, 1953c) In addition 
^Vellmann (1955a) believed tins period of 
passive immunity may extend to I2->16 
weeks of age when the dam is affected with 
chronic ardiriiis Older animals can acquire 
immunity following prior subclinical or in 
apparent infecuon Illustrative of this was 
the percutaneous exposure of 15 normal 
appearing sows originating from a 
erysipelas infected premise, of which 13 
were found to be immune (Shuman, 
1953a) Harrington (1933) could see no 
relationship on die farm between the dis 
ease and particular breeds of pigs 

Fortner (1947, 1953) discussed inherent 
resistance to disease and demonstrate , m 
swme, a family resistance to infection Am 
mals do present varying degrees of 
tibihty to experimental infecUon, 
in regard to Fortners selection and breeu 
mg of resistant pigs, Wellmann 
at the same institute, demonstrated a 
the resistance ' was due mainly to 
presence of passive immunity and/or t c 
result of subclinical disease m the pigs 
Michalka (1939) stated the body be- 
comes hypersensitized against Eiy f 
pathiae by its presence in the tonsils or m 
testinal tract and that re exposure to tue 
organism provokes an allergic organic re 
action in the form of arthritis, ^ 
carditis, or skin necrosis This theory as 
not been txjnfirmed or disproved and it 


may enter into the mechanics of some form 
of the disease process Nevertheless, an al 
Icrgic state is not essential in order to in 
dure c\perimental erysipelas in pigs 
Doyle (1947) demonstrated that pigs 
previously immunized with crystal violet 
Iiog cholera vaccine and later challenged 
with regular virus, have a greatly increased 
susceptibility to experimental infection 
1 his may embody a principle not yet un 
derstood, but again it is not an essential 
condiuon m order to reproduce the disease 
Cooper el al (1954) and Sikes el al 
(19a5a), following the principle of Doyle, 
could sec no difference between prepared 
and unprepared pigs in their reaction to 
experimental infection In this connection, 
Morrill (1945) found no definite relation 
ship between the incidence of swine ery 
sipdas in pigs over 2 months of =8= '’ 
had been inoculated against hog cholera, 
and that in pigs which had not been inocu 

^^Kobe (1943) stated it was impossible to 
healthy pigs but when the organism 
waraiocl.e7vmh .he virus of infeeuous 
gastroenteritis, visible evidence of the di 
fase was produced Erysipe as can be as 
sociated with olher swine diseases never 
uTeiess It can also be a primary infection 
a^d m dns sense does not require *= pres 
ence of some other infectious agent for its 

‘*‘FacloK°*at affect the’' physiological state 
of ihranimals body, such as nutrition 

:rrdryr.!t:r.or= 

““‘rnrUspo-ng’ causes were fatigue, 
“ nHpn*Aanges of diet, excessive fattening, 
'nd exposurf to cold They also stated the 
and exp the disease m the 

emoouc aPP dependent on condi 

.iimmer months « P^^^^ 

S) listed feed con'tainmg litde salt and 
' and little calcium and no vita 

vitamins, end ^ relationship 
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of scarificition was immediately rubbed 
perpendicular to the line with a gauze pad, 
and It was noted tliat the cutaneous re- 
actions which followed paralleled those of 
the control pig 

The mtradermal injection method of ex 
posure, using a series of graded doses of 
the inoculum, was first applied in pigs by 
Watts (1940) Hars and Delpy (1953) re 
ported on its application for die titration 
of vaccines and immune sera against sivinc 
erysipelas Their teclinique consists of mak 
mg tenfold dilutions of the exposure strain 
and injecting into the skin 0 2 ml of each 
dilution with the object of determining 
the minimum reacting dose Intradermic 
injections can be made using a 27 gauge, 
^inch needle (Shuman, 1951) On sus 
ceptible pigs, characteristic individual cu 
taneous lesions will develop at the inocula 
lion site Hars and Delpy have observed 
that, theoretically, 10 organisms were suf 
ficient to produce a local reaction 

Factors of Susceptibility 

Failure to reproduce the disease expert 
mentally m pigs has generally been re 
lated to (1) varying virulence of the or 
ganism, (2) age of the pigs, (3) natural 
resistance of the animals to infecuon 
through a genetic influence, (4) allergic 
or organic state, and (5) disease complex 
These factors have been advanced also with 
relation to the natural occurrence of the 
disease on die farm In addition, sucli fac 
tors as (1) nutrition, (2) sanitation, (S) 
atmospheric conditions, and (4) seasonal 
effect have been associated with suscepu 
bility and the natural occurrence of ery 
sipelas on die farm 

Sdioemng et al (1940) induced a fatal 
infection m pigs by the inoculation of 
splenic material and a culture from die 
spleen of a pig dying of the naturally oc 
cumng disease In a later unreported ex 
penment, additional pigs isere injected 
widi material from the same source and 
no visible symptoms of erysipelas were ob 
served The questions were raised whetlier 
the failure uas due to a loss of virulence 
of die organisms, or whetlier die pigs \sere 


resistant for some unknown reason It has 
been known for many years that strains of 
die organism vary in virulence, which fact 
ivas again demonstrated by Gouge ef al 
(1956a) in pigs with strains from different 
sources, both foreign and domestic Ohvi 
ously, in order to produce disease, the or 
ganisms must have some degree of 'tru 
lency Another requirement is susceptible 
pigs In diis connection, Peterman (l944a) 
postulated that past failures to reproduce 
the disease may have been due to the selec 
tion of pigs which had already acquired 
an immunity without showing effects of 
the disease It has been shown that pigs 
develop immunity following percutaneous 
infection (Shuman, 1951) Wellmann 
(1955a) demonstrated subdinical infection 
m pigs induced by exposure to strains of 
low padiogenicity, also resulted m 
munity to subsequent percutaneous 
posure with virulent organisms In the 
It is recognized that the manifestations of 
erysipelas vary from the acute to the 
chronic, and that it also can exist on a 
farm in low grade form and be unrecog 
nized For this reason, erysipelas in stib 
clinical form, or at least m an inapparent 
form, could account for the presence of 
one or more naturally immune pigs 
failure to induce the disease experimentally 
in the past could have been due prmci 
pally to the selection of pigs already 
mune This is illustrated by tlie followng 
experiences Harveys selected nonnal 
from a farm ivhere there had been no Ins 
tory of erysipelas, yet a group of 
animals did not react to percutaneous m 
fection with organisms of known ability w 
induce cutaneous and systemic reaction tn 
tlie work of Sikes et al (1955a), it 
noted that of 100 pigs whicli were parefitcc 
ally exposed 28 remained healthy Thor 
pigs were obtained from farms in Ind‘^na 
tliat did not appear to have been troubled 
by erysipelas Jarvis (1956) selected P*S* 
from several farms in norUiwestcrn 
braska v\here erysipelas was not a problem, 
and where vaccination for hog cliolera 


*C>ted by Shuman 1953a 
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showed tlie organism to be present m the 
feces and urine of affected pigs,'^ this in 
formation also indicated a means by whicli 
the disease was disseminated More re 
cently, Rowsell (1955) demonstrated oral 
feeding of susceptible pigs induced the in 
fection, wliicli in turn produced shedding 
of the organism in the feces \Vhether the 
organism can invade normal mucosa has 
not been shown, however, Olt^- postulated 
It gained entrance tlirough lesions pro 
duced by intestinal parasites 

Natural infection undoubtedly can re- 
sult from infected wounds of the skin This 
possibility was suggested by Jensen and 
demonstrated experimentally by Fritsche 
When one considers how easily infection 
through the skin can be accomplished ex 
penmentaliy and how prone pigs 
superficial abrasions of the skin 
natural conditions, it seems most likely that 
infection m tins manner would not be un 
common 

The possibility of insect vectors trans 
muting erysipelas under natural conditions 
cannot be overlooked Experimentally* 
Wellmann (1949) demonstrated dial the 
suble fly, Smmox)^ calctlrans, could trans 
mu the disease to mice and pigs after 
feeding on artifiaaily infected pigs He also 
presented evidence that die common house 
fly, Musca domesltca, was capable of trans 
muting infective material (1955b) As was 
mentioned previously, Kondo and Sugi 
mura (1934) were able to isolate the or 
ganism from die common housefly Strys 
and Oyrzanowska (1955) demonstrated 
diat the mouse sucking louse, Polyf>'^^ 
serrata strain, could transmit the infecuon 
from sick to healthy mice 
Stability of the Organism 

Ery Thusiopathxae is considered 
sistant to environmental influences _ 
artifiaal condiuons, according to Van 
and McGrath (1942), the organisms are 
ladled in 4 days at 111° F, 15 minutes at 
J250F. 10 minutes at 131° F, and m a 


“ Cued by Hui>Ta et at . 1938 
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few minutes at between 131 and 137° F 
They also noted diat some variations m 
the resistance to heat have been observed 
Dale (1940) found a strain of die organism 
to be viable m hog cholera virus blood for 
a period of at least 99 days after the phenol 
(0 5 per cent by volume) had been added 
Pfeilerw showed that the causative agent 
of swine erysipelas was destroyed in 2 weeks 
by heat generated widiin piled manure He 
menuoned the manure must be in piles of 
not less than a cubic yard m volume and 
the feces must be mixed with litter in a 
proportion of 2 to 3 In addition, moisture 
must be present, and the heat of fermenta 
non should not be less dian 140° F Pieces 
of infected meat 6 inches thick required 
2% hours of cooking before it was stenl 
ized The erysipelas organisms are quite re 
sistant to salung and pickling and to smok 
mg Pieces of meat and bacon may contain 
the organism eiilier after pickling for 170 
davs or after 30 days in a mixture of salt 
and potassium nitrate, according to Hutyra 
et al (1938) In addition, the organisms 
have been found in a ham 3 months after 
smoking From a laboratory standpoint 
En rlmsiopaihiac conveniently lends it 
self to preservauon by lyophilization 

Under natural conditions, it has been 
noted that the organism remained aim for 
12 days in direct sunlight, 4 months in 
nutrified llcsh and 9 months m a buried 
Inrcass Glabashkiis observed the organism 
to be alive for 3-4 months in pig and 
moose carcasses burred 5-7 feet deep, tor 5 
months m carcasses left to decay on tlie 
surface, and for at least 10 ^ 

oasses kept under refrigeration Heltdie 
,, 937 ) imlated die organism from city 
swage containing drainage from abattoiis 

^ eel rhat the organism remained alive 

"v?a:rlhr^rrd.rier 

r and :ri. appears to be associated vvilh 

“Scurf ,5'Tac°rci<n“'7 roi""'” 
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Beagle®) , the acadental access to tankage 
or to a field of corn, the feeding of new 
com, or after the turning of pigs into new 
pasture In connection with temperature. 
Brill (1955) found a disunct correlation 
between the number of cases of erysipelas 
and tlie rise m soil temperature Stryszak 
(1955) did not observe any marked cor 
relation between weather and ram and the 
occurrence of tlie disease Further, under 
experimental conditions the temperature 
and moisture, as well as low barometric 
pressure, did not influence the infection 
when induced orally 

The experimental findings of Dubos ei 
al (1955), Smith and Dubos (1956), and 
Schaedler and Dubos (1956) , although 
working with mice under artificial condi 
tions, showed that susceptibility to infec 
tion can be produced by varied non specific 
procedures A comment by Dubos et al 
(1955) IS worth noting “the state of sus 
ccplibihty could change from day to day, 
indeed hour to hour, in response to all 
stimuli physical, chemical, physiological or 
emotional -> which constituted the total 
environment ’ It can be appreciated that 
sucli basic information tends to gue ere 
dcnce to many field observations attemp 
ting to explain tlie occurrence of erysipelas 
on die farm 


Sources of Infection 

^Vhen die sources of swine erysipelas in 
fection are considered, it is necessary to 
dunk in terras of many possibilities and 
not a single entity The organism may be 
present in die soil as a saprophyte, living 
on dead or decaying organic mailer Soil 
contamination may have resulted from die 
improper disposal of dead pigs, and from 
die manure and urine of affected pigs and 
rodents The droppings of birds may also 
be a source of contamination Drinking 
water and feed, like the soil, may m similar 
instances become a source of infection 
The probability of normal appearing 
swine acting as earners and disseminators 
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of infection has been recognized for man) 
years Bauermeister, Olt, Van Velzen, and 
Pitt in 1901-7 demonstrated the presence 
of the organism in tonsils and/or ileocecal 
valve of normal swine Dale (1937), 
Geisler (1953), Connell and Langford 
(1953), Hartwigk and Barnik (1954), 
Wellmann (1954b), Anusz (1955), and 
Szynkiewicz (1955) also recovered the or 
ganism from the tonsils of apparently 
healthy pigs Further, Spears (1954) 
lated the organism from the femoral red 
marrow samples of slaughter pigs Connel 
and Langford, as well as Wellmann, found 
the isolated organisms to be pathogenic 
for mice In this connecuon, ^VelImann 
also observed it was patliogemc for mice 
whether it was isolated from pigs tliat ha 
been artifiaally infected and later shown 
to be immune or from pigs m ‘J] 

which erysipelas had not been 
for many years Connell and Langford, as 
well as Anusz, noted there was n higher 
incidence of earners during the warmer 
weather Hays and Harrington (1J3V 
described a situation wherein a sow yiciaco 
the organism from the tonsils and sp cc 
7 months after a known attack of erysipelas 
Wiili relation to vaccination, Hartwigk anu 
Bamik, following an examination of tnc 
tonsils and ileocecal crypts of slaug i 
hogs, could see no apparent differences i 
animals tliat had been vaccinated wi 
adsorbate bacterin, witli culture and seru , 
or with serum alone Anusz foumi J 
number of earners m areas where on ) 
vaccination wiili Snub’s vaccine (avim cn 
culture) was practiced to be almost 
same as in areas where the culture-scrum 
method was used Altliough the 
points to the carrier animal as a signincai 
source of infection, tJic relationship Im* 
been sufficiently dcmonstraicii 

Modo of Entranco 

It has been accepted tliat the crysipd** 
organisms gam entry into ilic bod) throui, 
ingestion of contamincd feed ami 
Cornevm and Kit, as well as Solletlc , 
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Section Hi BACTERIAL AND MYCOTIC INFECTIONS 


the presence of the organism Lydun^* 
stated that tlie disease became prevalent 
mainly in valle)s and low lying plains 
which have slow flowing streams, and in 
heavy, damp clay soil Hesse*^ observed 
that tlie viability of tlie organism varied in 
various types of soil, but that soil rich in 
lime and humus was particularly favorable 
Harrington (1933) could see no marked 
preference for soil as tlie disease occurred 
on both heavy and sandy soil, however, he 
mentioned the more serious occurrences 
nere in an area of heavier, gumbo day 
soils 

Disinfectants 

JSry rhusiopathtae is easily killed by 
commonly used disinfectants, although it 
must be remembered that the presence of 
organic matter interferes with the action 
of most germicidal agents According to 
Van Es (1932), 5 per cent solutions of 
phenol and saponified acsols kill the or 
ganisms in about 15 minutes The organ 
isms are also killed rapidly when exposed 
to a 1 per cent solution of ciclier hot I)e 
or sodium h>pochlorite 

Control 

Prc^cntlvc measures against sivine ery 
sipelas, other Uian through the use of 
biologia, follow ucll escabhshed principles 
of disease control Animals should be raised 
according to prescribed inimal Imsbindry 
pncljcc rcljtne lo Jiousing condition of 
lots iiul pastures ind iinn igcmcnt Sim 
tation 1 $ essential, for conditions sudi as 
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manure accumulations, debris, and areas 
of standing water contribute to tlie main 
tenance of a potential reser\oir of disease 
The animals should be observed regularl) 
for deviations from their usual aiutude 
Before animal replacements are made, the 
health and conditions on Uie premise 
where tliey are to be acquired should be 
inspected Newly purchased animals should 
be isolated for at least 30 da)s 

When erysipelas does appear, treatment 
of the sick animals should be instituted 
early, and those with normal temperatures 
and appetites moved to an area not re 
cently used, yet where dicy can be readil) 
obser\ed Dead animals must be buried 
deeply after being covered first with hme 
Foilossing tlie cessation of tlie outbreak, 
walls and floors should be thoroughl) 
scraped, scrubbed, and disinfected A hot 
1 to 2 per cent lye solution is salisfacwo 
for this purpose It is advisable to eliminate 
from Uie herd pigs showing obvious mam 
festations of clironic erysipelas The lot or 
pasture m which die infection appeared 
can be renoiatcd by removing any debris 
establishing drainage where neccssar), and 
depending on die location, either Icaiing 
idle or planting with a loT’i^e crop I he 
previously affected areas can be repopu 
iaicd after several mondis 

Eradication 

When one considers the widespread dis 
tribution of erysipelas, its association vvith 
a v>ide variety of animals, its apparent case 
of adaptiveness to either saproph)tic or 
parasitic existence, and the absence of re 
liable means of detection, die cnthciiux* 
of this disease seems very remote 
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Pasleurellosis 


Pastturdlosis is an infectious disease due 
to a speciHc miCTOorganisro, PasleureM 
multocida Pasleurellosis rarely occurs as 
primary disease but develops as a dise^e 
secondary to forces operating concurren y 
which tend to devitalize tlie pig It occurs 
in two forms (a) as a subacute or chronic 
disease of the lungs, (6) as an acute sep 
ticeinic disease 

Swine plague and hemorrhagic septi 
cemia are names that, for many years, have 
been used to describe this disease It was 
called swine plague long before emergence 
of the more enlightened knowledge o 
causes of disease Plague was a terra use 
to denote pestilences and enzootics race 
troublesome diseases existed among sivine. 

It seems quite natural that the 
plague was used to designate the con i i 
that was considered a specific disease 
tity The name hemorrhagic 
came into use after more was learned aoo 
some of the bacteriological and pathoiogi 
cal characteristics of the disease The punc 
tiform and ecchymotic hemorrhage o 

served at the necropsy of pigs tica o 
this disease, plus the isolation of c 
gamsm m pure culture from the 1^1°° 
other tissues, were accepted as vali 
sons for selecting hemorrhagic j 

^ an appropriate name Merchan 
Packer (1956) pointed out tliat m ^ 

Ligmeres proved the term pasteurellosis 

^ ^ [3A51 


to designate the diseases Jie to 
of the genus PasteureUa They favored the 
use of pasteurellosis as the speafic name 
tor this disease and point out that it is 
finding Its way bai into the literature 
Pasteurellosis may occur in a herd as a 
sporadic disease in winch one or a 
number of the pigs of the herd are 
or as an enzoouc disease affecting a rela 
uvely large proporlion of the swine in the 
herd Swine of all ages are snsceptib e but 
Ihe disease occurs most trequenUy m 
sHoau from 50 to 150 pounds in weight 

The losses from pasteurellosis vary greatly 
jTd to t considerable extent depend upon 
*e vuulence of the inlecung organism 
and/or the condiuons and circumstances 
under whicli it prevails 

All farm animals, including caK and 
arc susceptible to infection with P 
^tlnnda In this connection it is irapor 
” , m “eep m mind that allhongh the 
tnd^ biochemical cliaractcnstics of 
isolated from suine ^ecmd 

rural and b ochemicm ub- 

"■^dTron ca de, sheep, or clnchens af 
s ruit same diserne, the disease in 
teclcdwim preads to memhcrs of 

swine sc*"*™, ,mmals This is mic eien 

another class o contact 
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infestations and that harbor P multoctda 
sometimes develop pasteurellosis 

CLINICAL SIGNS 

The dmical signs of the pectoral form 
of pasteurellosis are similar to those char 
actenstic of most inflammatory diseases of 
the lungs due to an infectious agent 
Cough, dyspnea, fever, anorexia, and gen 
eral physical weakness are important signs 
m pneumonia from any cause 
With the engorgement of the lungs and 
tlie accumulation of the inflammatory exu 
dates in the bronchioles and alveoli, the 
ventilation function of the lungs is 
markedly reduced and breatliing becomes 
difficult A labored, “thumpy.” abdominal 
type of breathing is quite common m a 
lanced stages of this disease When the 
breathing is difficult, the pig sometimes 
assumes a sitting position, extending its 
head and respiring through its raoutli in 
the early stages of the consolidation phase 
of the pneumonia, crepitant sounds may 
be heard when auscultating the thorax 
When the sounds become more cliarac 
tensile of gurgling and bubbling, it i* 
indication that the exudates are beginning 
10 break down and move with the air in 
the bronchi The cough, a very 
sjmptom m lung disease, is usually dry 
and hacking in the early stages and more 
moist later in the course of die disease 
V, mucopurulent discharge from the *doo 
occurs in many of the cases The w y 
temperature is elevated to I05®-10o 
I'ater is available and die pig is p®* 
i\cak to move about, it will drink sma 
amounts at frequent intenals 
The clinical course of subacute cases 
Usually extends over a period of 5 
dajs and then ends in death In the mo 
clironic cases die clinical course covers 
tnucli longer period Infected animals 
hvt from 3 to 5 vseeks, widi 30 to 10 per 
cent recovering In these long, drawn-on 
cases, emaciation widi general weakness i 

common 

riic septicemic form is marked 
dcii onset, extreme ph)sical 
'cry incoordinate gait, and death m a n*. 


projxiriion 


Jinaic gait, anu ucaiii »*• » 

ot Ulc cases The aircclcU pip 


manifest a depressed general attitude and 
have no desire to take feed The body 
temperature is elevated to 105°-I06° F 
The clinical course is short and usually 
ends in deadi in 10 to 36 hours 
AVhen pasteurellosis occurs as a comph 
cation to other infectious or metabolic dis 
it often supercedes the first or pn 
niary disease to produce a syndrome in 
which the pulmonary disorder becomes the 
number one factor of distress 

PATHOLOGICAL CHANGES 
In the pectoral form, tlie lungs and ad 
nexa are the principal sites of tissue alter 
ation The extent of the lesions vines with 
the virulence of the organism and the dur 
anon of the disease In early stages pitchy 
and scattered areas of consolidation in the 
different lobes are commonly observed 
These are lobules m which tlie inflamma 
tory exudate is accumulating The color of 
the affected area may be reddish or greyish, 
depending somewhat upon the stage of Uic 
inflammatory process With a spreading of 
tlie inflammation by direct extension or by 
mewstasis, large portions of the lungs, or 
even die entire lungs m some wses, be* 
come 3 mohed The lungs are 
ou.te Bnn, and do not collapse when t I c 
Lrax .s opened The cut sur ace usual y 
appears roouled, ivith the colored areas 
larvinE from reddish dirough )cllo\nsh to 
CT^tsh and representing different stages in 
Se mllarntnalory process Frequently, sair 
,„g amounu of edema also are present tn 
Ihc interlobular spaces Small necrotic 
arL may be seen on the cut surface aud 
J,e membranes of d.e larger 

bronclii The iraclica often is reddened and 
Sen Many times otic finds petecluae on 
the t^rtcardtum and more often on the 
n.lJardium The mediastinal lymph 
OTdes arc suollcn and hcmorrliagiia Vc^ 
an exudausc plcurms that cosers 
nracticall) tlic entire surface of the lung 
S b“p esent. The s.secral pleura ts red 
^cned^h■el.e^ed and hcadl.l,e ... ap,.ear 

”?he neerop.) findings .n U.c spucemte 
The neeru] ; ^ ,a:,ccliiac and 

S™,mose.md,ese.ou. and mucous men 
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barnyard, or pasture Rabbits and mice 
are highly susceptible to infection with P 
multocida 

This disease has a worldivide distribu 
tion From time to time during the past 
25 years, reports of this disease have ap 
peared in the veterinary literature from 
different parts of the world Some workers 
consider u a specific and primary disease 
in swine, but others consider it important 
mainly as a secondary disease The latter 
view IS emphasized in this chapter 

ETIOLOGY 

The role of P multocida as a primary 
cause of pasteurellosis in swine has been 
controversial for many years There is gen 
eral agreement that it acts with other 
stresses to produce the disease described 
here Most veterinarians, who have had 
some expenence with the relationship of 
P multocida to tlie development and prog 
ress of the disease, hold that this organism 
IS capable of producing disease only in 
animals whose resistance has been lowered 
considerably At die same time, Fox and 
Burkhart (1947) , Kelser and Schoening 
(1948) , and Merchant and Packer (1956) 
state iliat tlie virulence of the organism 
may increase during the course of an out 
break and become the definitive and pn 
mary cause of the disease TVe have had 
contact with outbreaks of die septicemic 
form of pasteurellosis which would support 
dns \iew 

The relationship of P multocida to the 
onset and progress of diis disease in swmc 
IS aptly stated by Hagan and Bruner 
(1951), Presumably under conditions of 
loucred host vitality, organisms that arc 
already carried on the respiratory mucous 
membranes are unleashed and assume a 
pidiogcmcity i\liicli diey did not possess 
formerl) " It is not rare or unusual to 
isolate this organism in pure culture from 
the lungs of suine that did not manifest 
gross tissue alteration Spray (1922) made a 
study of die bacterial flora of normal and 
diseased lungs of suinc slaughtered at a 
meat packing iiistuuiion in Chicago He 
found six per cent of 100 normal lungs 
examined harbored Dactllus sunepticus (P. 


multocida) In diseased lungs, this organ 
ism was isolated m pure culture from 
44 per cent of 314 swme 
P multocida, according to Bergey’s Man 
ual (1948) , are short ellipsoidal rods The) 
are nonmotile. Gram negative, and ha\ea 
bipolar staining characteristic They arc 
aerobic or facultative anaerobic and will 
grow on ordinary culture media at an op- 
timum temperature of 37° C 
The debilitating and predisposing fac 
tors contributing to the onset and de 
velopment of pasteurellosis concern such 
things as the environmental temperature 
and barometric conditions, shelters or 
stabling facilities, the state of nutrition 
from a quantitative and qualitative stand 
point, and the presence of other infectious 
and/or parasitic diseases Environmental 
temperatures that drop from comparatively 
warm to decidedly cool withm a short 
period of time — 3 to 6 hours — usually 
have an effect on the metabolic activity of 
the animal which tends to lower its vnaluy 
and resistance When, m addition, die at 
mosphere is humid, the stress due to <dt 
mauc influences is increased Such condi 
tions are conducive to the development of 
pasteurellosis m pigs harboring die specific 
infectious agent and m odiers that might 
'pick up” tlie agent by contact Events 
that sometimes occur during tranfpofW 
uon or movement of swine from one cn 
vironment to another often contribute to 
the onset of tins disease Malnutriuon 
bears a certain relationship to susccpti 
bility. so that swine receiving an made 
quatc ration have a lowered resistance and 
would be more susceptible to the bacterial 
agent if it were present. 

The simultaneous cxisicncc of pasicurel 
losis and certain other infectious d»Cas« 
IS not uncommon The pectoral form of 
tins disease is frequendy a coniphcaiion 
of hog cholera tliat may be due to a 'iru* 
of low virulence or of cliolera in which the 
clinical course is of coniparaiivcly long 
duration Pasteurellosis is a tcnninal com 
plication in many cases of swine inlluenw 
and of chronic salinoncllous Swinc that 
are dcvitalircd at a result of heavy worm 
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recipient a state o£ passive immunity This 
can be employed as a prophylactic measure 
where a temporary immune state is desired 
immediately. 

Good care and nursing are important 
adjuncts to any course of treatment. Clean 


water and nutritious feed should be avail- 
able at all times. It is highly desirable and 
quite important that the sick swine be iso- 
lated from the remainder of the herd and 
that they be placed in clean, dry quarters 
that are free from drafts 
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branes o£ tlie gastrointestinal tract, tlie 
pericardium, endocardium, and sometimes 
in die skin In many of these cases, the 
lungs will contain relatively large amounts 
of edema fluids m the interlobular septal 
spaces, in die bronchi and alveoli The kid 
ne)s are hyperemic and may be petechi 
ated 

DIAGNOSIS 

The fact that the pig suffers from a dis- 
ease of the lung is readily appreciated The 
clinical signs and necropsy findings leave 
no doubt about this conclusion Diagnosis 
of the specific cause or at least the signifl 
cant contributing cause of the pneumonia 
depends upon laboratory techniques The 
isolation of P multocida m pure or mixed 
cultures is necessary before a final diagnosis 
of the case can be made On die otlier 
hand, a pasteurellosis diagnosis can be 
made witli a high degree of accuracy by a 
critical analysis of all available factors per 
taming to conditions affecting die herd as 
a whole Very often, only one or a small 
number of pigs of the herd are affected 
Swine influenza, acute salmonellosis, acute 
swine erysipelas and hog cholera usually 
affect a larger proportion of the herd by 
die time die disease has progressed m the 
herd to die point where veterinary services 
arc employed One also lakes into account 
any or all of the conditions, affecting die 
pig and/or the herd, whicli have been dis 
cussed as devitalizing agencies diat con 
tribute to die occurrence of pasteurellosis 
If necropsy is {xissiblc the rather extensive 
bilucril pneumonia, showing consolida 
tion and mucli intcrlobuhr edema, sug 
gcsis pasteurellosis 

TJie septicemic form may be mistaken 
for pcracutc hog diolcra, especially when 
dealing widi pasteurellosis early m die 
outbreak The physical signs of the tv\o 
diseases and even sonic of die necropsy 
findings make die dilTcrcniial diagnosis 
difiiculL A count of die number of white 
blood cells per unit volume of blood 
(cu mill) may be very helpful Counts of 
20,000 and more arc usually found in pas 
icurcllosis The particular value of a leuko- 
cyte count IS dial it may help to eliminate 


the hog cholera (see Chapter 7, Hog 
Cholera) However, before one can be ccr 
tain about the diagnosis of pasteurellosis, 
die specific bacterial cause, P multocida 
should be obtained from the blood and/or 
other tissues 


TREATMENT 

The treatment of diis disease is not al 
together satisfactory, and particularly vdicn 
the pneumonia has progressed to the stage 
where it becomes a lobar type On die 
other hand, early and adequate use of 
sulfonamides will reduce the death nte 
from this disease Excellent results were 
reported by Fox and Burkhart (1947) and 
by Larsen (1918) on die use of sulfa 
methazine Fox and Burkhart used die 
sodium salt of sulfamethazine and ad 
ministered it subcutaneously at the rate of 
1 5 grains per lb body weight On die 
second and third day of treatment the dose 
was reduced to 1 gram per lb According 
to Larsen a single dose of sulfamethazine 
given intraperitoneally at rate of 1 
per lb body weight was very effective 

Sulfamerazine, 1 gram per lb die first 
day and ^ gram per lb every 12 hours 
for the following 2 to 5 days, can be cm 
ployed It should be administered by "S' 
of moudi If die sodium salt of sulfanicw 
zine IS used, it can be injected directly m 
die blood stream or into the peritonea 
cavity Sulfaduazolc is anodicr of the su a 
drugs tJiat has a place m ihc trcatnu-ni o 
dus disease It is used according ^ 


sclicdulc described for sulfamerazine 
Aqueous penicillin in doses of 
units administered intravenously every - 
hours for 2 or 3 days may be used to tre^^ 
pigs affected widi this disease, or it 
be more desirable to ust a P*^*'*^-** 
oil prejiantion and inject it into the 
clc in doses of 500 000 to 1,000 000 
Dihydrosircptomycm, 2 mg per lb 
weight administered intramuscularly 
about equally effective O^ytetracyehn . 
to 2 mg jicr lb given iiiiramuscufat T’ 
also cffccnvc in die ircatnicnl of pasicu 


losis. 

Hemorrhagic scpuccmia aniuerum 
doves of 25 mi j>cr 100 Ib convey* 


in 

lie 
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CHAPTER 24 


Streptococcosis 

and Colibacillosis 


Streptococcosis 

Pathogenic streptococa tend to localize m 
speafic tissues although septicemic 
tions have been known to occur 
localizations tend to produce abscesses (,s 
Chapter 48) However, all loalued miec 
tions arc neither cliaractenzed by 
of! pyogenic processes nor are they / 
assoaated with die producuon oE pus 

CENTRAL NERVOUS SYSTEM INFECTION 

Most common o£ the non ^^*^^***1^ 
sircpiococac infections are ? § 

the brain and the meninges McNu 
Packer (1943) described several , 

central nervous system infections . 

streptococci were isolated There ^PP 
to be no specific strain of strcpioco 
'ol\ed but radier a number of strains, 
of which appeared to belong to 
recognized pathogenic speaes ' 
strams were relatively ““‘"I'"™ j u.at 
guinea pigs It is seen in t 

not more dian two strains confo 
any one set of rcacuons 


•“‘y one set ot rcacuuns 

The animals reported m , u„b 

I'crc largely under 8 weeks of ag^ 
one grl.p’^ averaged about 90 [»un* 
Marked evidence of cnccphahtis ' . 
countered, diaracicnzcd by 
and dcaUi widiin 30 to 36 houi^ „ 
gross lesions m die brain (or I 

of die body) s^cre not csidcnt, a * ® 

cal cxnmnaiion of the brain md n 


revealed perivascular and focal areas of 
infillratton with innamraalory cells vvll.cli 
were cliielly polymorphonuclear Icuhoqtes 
srprococc. vvei-e isolated from the bra.n 
and meninges hut not from otlicr organs 
,n die body The auUiors indicated that in 
two of tlie tlirce herds in ivllicll strepto- 
coccic infection occurred, some degree of 
rnemiaa't^ observed They furtlier sug 
ccstcd that the bacterial infection was 
Sably the result of secondary inleetton 
St an animal in whicli resistance had been 
lowered by some other disease process iti 
« those caused by filtrable v.rums 
The dTscasc was most common m winter 
spring montln when resistance was 

'"snentococcal mfeetion of the central 

I ^ often spread to a number of pigs in 
Siany ldten Season and management wete 

"li"Sderarer.emperu.urer,m 

an^d^norexiajigsburied^theniid^^^^^ 

'*'*Ml!fie5i''o?tlie hind .luartcrs and a iiill 
^ rhev often aiiunicd a croucli 

legged gait r doK to die 

She l ead Somemne. the) were 
? 1 diaUns violcntl) Poor gtowdl and 

were die chronic cf 

tecu ul die intccnun 


1 
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The organisms ^\e^e readily cultured 
£rom the brain, less frequently from tlie 
viscera and occasionally from the joints 
Tliey vscre Gram positive coca occurring 
singly or in pairs and less frequently in 
chains Alpha hcmoljsis was produced on 
sheep blood agar and beta hemolysis on 
hone blood agar Growth in nutrient broth 
was poor The addition of 10 per cent horse 
serum improved growth Acid but no gas 
was produced in trehalose, salicin, inulin, 
lactose dcMrose maltose, levulose, sucrose, 
and galactose Growth in sorbite, roanite 
ralTmose arabinosc dulcite, glycerin, in 
ositol rhamnose and xylose produced no 
cliangc Some strains produced a partial 
reduction of 1 jOOO metliylene blue milk 
\cid was produced in liunus milk Starch 
vsas hjdrol)zed The organism did not 
show a serological relationship to any of 
the Lanccfield groups 
Ihc acute lesions produced by the strep 
lococci of Field ef al occurred only m die 
encephalitic form The volume and pres 
sure of the cerebrospinal fiuid were m 
creased Vascular congestion of the brain 
and mild suppurative mnammatton of Uie 
meninges were observed The exudate at 
limes blocked the ventricles, aqueduct, and 
central canal of ilic medulla and cord 
Histologically the condition was desCTibed 
as an acute fibrino-purulcni cliorionienm 
gun wiili sccondar) CMcnsion to the sub- 
pial and periventricular tissues with Iiquc 
faction necrosis H)dropcriioncum oc 
curred m pigs d)iiig m ihc icute febrile 
period 

Ra) (1915) described an inner car m 
fcction (otitis mcdi i) with strcpiococa 
whidi was characterized by Uic way Uic 
animal earned its head to one side TJic 
scvcrit) of the reaction was dcjicndcnt 
ui>on die degree of involvcmcnL Dcadi 
occurred when the infection extended to 
die meninges and the hrain Cultural ex 
amiiiation of carl) cases was difTicult be- 
cause of die small area and Ixmy enclosure 
of the paru In die advanced stages the 
animals showed exaggerated nervous s)inp- 
toms circled aimlcsslv, and paddled vshen 
too weak to stand 


SEPTICEMIC INFECTION 

Septicemic infection with streptococa 
was observed in hog cholera immune sows 
and pigs by Bryant (1945) Three of 10 
sows and about 30 of 80 pigs died Strep- 
tococci were isolated from a variety of ns 
sue specimens submitted to the laboratory 
The onset of the disease was sudden with 
deada generally occurring in 12 to 18 hours 
Less often the course of the disease was 
extended to 36 or 48 hours Animals be 
came weak and prostrate Tempentures 
were elevated Scours, bloody urine, and 
cutaneous hemorrhages ranging from pe 
techial to large blotches were die most 
important signs of the disease Upon 
necropsy, dark congested lymph nodes willi 
peripheral hemorrhage, petecliiation, and 
ecchymosis of lungs, epiglottis, and tonsils 
were common Blood in die hilus of the 
kidney and m the gall bladder someuraes 
occurred The kidneys, ureters, and blad 
dcr were dark and hemorrhagic 

Ray (1945) suggested diat wound con 
lamination was one factor predisposing lo 
generalized infection He described die 
lesions of streptococcic septicemia as those 
cliaracicnsuc of hog diolera and indicated 
diat die two diseases often existed in swine 
as mixed infections Diagnosis was best 
accomplished by culture Mixed infecuon 
can only be detected by culture and by the 
inoculation of tissue or blood filtrates into 
hog cliolcra susceptible and hog cholera 
immune swine 

HEART, JOINT, AND STOMACH LESIONS 

Upon necropsy, one of the more casil) 
recognized lesions of dironic streptococcosis 
is die vegetative endocarditis observed m 
pigs 12 weeks of age and older The lesion 
IS identical m gross appearance to die 
lesion produced by Eryupelothnx rhusio- 
palhiac Animals showing dns lesion lar 
endurance in ph)sical exertion, and usu 
ally die suddenly Dcadi is commonly due 
to coronary or encephalitic infarction I 
mitral, tricuspid, and aortic valves 
aicly or is a group arc growl) dnckcne< 
and mjikcdl) irregular as the result of •* 
scgciativc i)pc of groudi which prevent* 




sC = Soft coagulation 
,R =5 Parttal reductio 
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The organisms were readily cultured 
from the brain, less frequently from the 
viscera, and occasionally from the joints 
They were Gram positive cocci occurring 
singly or in pairs and less frequently m 
chains Alpha hemoljsis was produced on 
sheep blood agar and beta hemolysis on 
horse blood agar Growth in nutrient broth 
was poor The addition of IQ per cent horse 
serum improved growth Acid but no gas 
was produced in trehalose, salian, inulin, 
lactose, dextrose, maltose, levulose, sucrose, 
and galactose Growth in sorbite, manite, 
raffinose, arabinose, dulcite, glycerin, in 
ositol, rhamnose, and xylose produced no 
change Some strains produced a partial 
reduction of 1 5000 methylene blue milk 
Acid was produced in litmus milk Starch 
was hydrolyzed The organism did not 
show a serological relationship to any of 
the Lancefield groups 

The acute lesions produced by the strep 
tococa of Field et al occurred only in the 
encephalitic form The volume and pres 
sure of the cerebrospinal fluid were in 
creased Vascular congestion of the brain 
and mild suppurative inflammation of the 
meninges were observed The exudate at 
times blocked tlie ventricles, aqueduct, and 
central canal of die medulla and cord 
Histologically die condition was described 
as an acute fibnno-purulent clionomenm 
gins with secondary extension to die sub 
pial and periventricular tissues widi lique 
faction necrosis Hydroperitoneum oc 
curred in pigs dying m the acute febrile 
period 

Ray (1915) described an inner ear in 
fection (otitis media) widi streptococci 
which was characterized by die way die 
animal carried its head to one side The 
severity of the reaction was dependent 
upon die degree of involvement. Death 
occurred when die infection extended to 
die meninges and the brain Cultural cx* 
animation of early cases was difTicult be- 
cause of die small area and bony enclosure 
of the parts In die advanced stages the 
animals showed exaggerated nervous symp 
toms, arclcd aimlcssl). and paddled when 
too weak to stand 


SEPTICEMIC INFECTION 


Septicemic infection with streptococa 
was observed in hog cholera immune somi 
and pigs by Bryant (1945) Three of 10 
sows and about 30 of 80 pigs died Strep- 
tococci were isolated from a variety of tis- 
sue specimens submitted to the laboratory 
The onset of the disease was sudden, luil) 
death generally occurring in 12 to 18 hours. 
Less often the course of die disease was 
extended to 36 or 48 hours Animals be 
came weak and prostrate Tempentures 
were elevated Scours, bloody urine, and 
cutaneous hemorrhages ranging from pe- 
techial to large blotches were the most 
important signs of the disease Upon 
necropsy, dark congested lymph nodes with 
peripheral hemorrhage, petecliiation and 
ecchymosis of lungs, epiglottis, and tonsils 
were common Blood in die hilus of the 
kidney and m the gall bladder sometime 
occurred The kidneys, ureters, and blao 
der were dark and hemorrhagic 

Ray (1945) suggested diat wound con 
lamination was one factor predisposing to 
generalized infection He desCTibcd the 
lesions of streptococcic septicemia as Uios 
cliaracienstic of hog cliolera and indical 
diat die two diseases often existed m 
as mixed infections Diagnosis was 
accomplished by culture Mixed 
can only be detected by culture and by 
inoculation of tissue or blood filtrates m 
hog ciiolera susceptible and hog cho 
immune swine 


HEART, JOINT, AND STOMACH lESIONS 

Upon necropsy, one of the 
reco^ized lesions of clnon.c su-epto™^” 
IS die vegetative endocarditis ° ^ 

pigs 12 weeks of age and older > 

IS identical m gross appearanc 
lesion produced by |jct 

pat/iiac Animals showing di« 
endurance in physical exertion, 
ally die suddenly Deadi is ^ jjic 

to coronary or encephalitic infar 

mitral, tricuspid, and aoruc 
aiely or as a group are of •» 

and markedly irregular ^ the 
vegetative type of growdi wh P 


TABLE 24 1 
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closing of the valves Emboh separate 
ly from these irregular masses and cir 
ite in tiie blood stream, subsequently 
:king small arteries and frequently 
iing infarction of an area Infarctions 
he kidney are common If infarction of 
tore vital organ such as tlie ivall of the 
rt or a section of the brain occurs, death 
ally results quickly 
Lernkarap (1941) reported the occur 
ce of vegetative endocarditis in 19 cases 
urring over a 10 year period Of these, 
:ptococci were isolated from 8, and Ery 
dothrix rhusiopatluae from 11 cases 
e of the streptococcic cultures produced 
a hemolysis on horse blood agar plates 
m were nonhemolytic and one culture 
s not studied for this characteristic The 
ations of the lesions were not confined 
any particular valve Of the eight strep- 
:occic cases the mitral valve alone was 
wived in one case, the tricuspid alone in 
ree, the mitral and mural endocardium 
one, the tricuspid and mural endo 
rdmm m one, the tricuspid and pul 
snary in one, and the aortic alone in one 
Joint involvement in chronic strepto- 
ccic infections have been reported (Field 
al , 1954) Ray (1945) refers to the con 
tion as 'navel ill when occurring m 
ung pigs This type of joint infecUon 
n be difierenliated from tliat caused by 
ystpelolhnx rfiusiopatfiiae since the lat 
r rarely occurs in pigs under 3 weeks of 
;e Field et al described the joint lesions 
having turbid joint fluid with a high 
11 count but few organisms 


Stomach ulcers were observed in 1,000 
of 20,000 hogs at slaughter (Jensen and 
Frederick, 1939) The streptococci which 
were isolated from the ulcers were non 
hemolytic (alpha or Str vindans) on blood 
cultures The organisms were believed to 
be primary invaders and able to cause 
stomadi ulcers as a result of direct infection 
of the stomach ussues Diagnosis would be 
difficult except at necropsy 

TREATMENT 

Generally, streptococci are quite suscep- 
tible to penicillin, although there is a 
danger of relapse if the treatment is not 
repeated within 4 to 6 days The sul 
fonamides also have some beneficial effects 
Any of the antibiotics which are effective 
against Gram positive bacteria can be used 
if given by injection into body tissues 
Oral admmistrauon is slower and less ef 
fective but may be of definite advantage 
in preventing a relapse 

Heart and stomach lesions are difficult 
to diagnose and therefore difficult to treat 
Joint lesions respond very slowly to any 
treatment 

PREVENTION 

Good management with emphasis on 
sanitauon is perhaps tlie only known pre 
ventaiive action which can be taken Anti 
biotics in the feed may prove to have some 
beneficial action Proper treatment of die 
navel with a disinfectant such as iodine 
at birth is an essential management prac 
Uce (see Chapter 52) 


Colibacillosis 


Colibaallosis, white scours, diarrhea 
eonatorum, or diarrhea of baby pigs is an 
mtc, sometimes highly fatal disease of 
ickhng pigs cliaracienzed by a jellowish 
hue, watery diarrhea and often ac 
>mpamed by a septicemia The disease, 
ndcr certain circumstances, is infectious 
nd spreads from pig to pig witliin a litter 
ut less frequently spreads from Inter to 
tier wiilim a farrouing house 


ETIOLOGY 

The causauve agent or agents probably 
cannot be limited to one specific organism 
enterobacteria sucii as Escherichia coU, 
members of the Klebsiella Aerobacter 
group, or Salmonella choleraesuis may be 
found to be ilie patliogcmc agent or agents 
uivolscd The or^inisin most commonl) 
isolated from parcndiymal organs m faul 
scptKxmic cases is E coU, a norinaJ m 
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habitant of the digestive tract It is a 
small. Gram negative, oval to rod shaped 
bacillus which grows readily on common 
laboratory media and does not form spores 
It develops characteristic colonies with 
blackish centers on eosin methylene blue 
agar, is methyl red positive, indol positive, 
Voges Proskauer negative, and citrate nega 
tive For other biochemical reactions used 
to differentiate Enterobacteriaceae, see Ed 
wards and Ewing (1955) or Merchant and 
Packer (1956) Aerobacter aerogenes dif 
fers from E coh in size, shape, and growth 
characteristics Biochemically the mam 
difference is that it is M R negative, indol 
negative, V P positive, and citrate positive 
S choleraesuxs is discussed in Chapter 21 

E coh exists in the digestive tract as part 
of the normal intestinal flora Certain 
strains are pathogenic for animals which 
have been dulled, parucularly at the time 
of farrowing Pigs nursed by sows fed im 
properly balanced rations or too much 
feed and pigs maintained in wet, poorly 
cleaned farrowing pens with insufficient 
bedding are subject to infection witli E 
coh Vitamin A and iron deficienaes also 
predispose young pigs to scours ' Man 
ninger (1939) is convinced that depletion 
of reserves of vitamins and minerals m the 
sow adversely affect intrauterine develop 
ment and die quality of die niilk secretion 
This, in conjunction with poor manage 
ment, tends simply to increase numbers of 
facultative padiogens rather than to in 
crease dieir virulence Brucella infection 
m sows and extensive inbreeding were 
Cited by McBryde (1931) as factors in pro 
ducing Inters widi lowered resistance 

Infections widi padiogenic strains of C 
colt probably arc most severe if die infec 
tion takes place at die time of birdi and 
before die piglet has received us flnt miik 
Infcciion also may be initiated by con 
lamimUon of die umbilicus at birdi 

CLINICAL SIGNS 

Within die first few days after birdi, 
pigs become listless and doclop a watery, 
yellowish while diarrhea widi a marked 
fetid odor Infected animals lose weight 


rapidly and become very weak Sucli 
animals are not easily roused from die 
nest and usually do not live Jong The 
tails of infected pigs frequently become wet 
and coated with liquid or semi liquid feces 
If the pig lives this coating occasionally 
dries and forms a hard cake whidi may 
interfere with the circulation of die blood 
to such an extent as to cause a sloughing 
of a portion of the tail The death rate of 
infected untreated pigs varies but may 
be as high as 100 per cent 

PATHOLOGICAL CHANGES 

The principal lesion observed in pigs 
dying from coltbaciUosis is a mild to severe 
catarrhal enteritis characterized by a con 
gestion of both the anterior and posterior 
mesenteric vessels The stomacli may con 
tain varying quantities of clotted milk but 
no lesions are noted The intestines may 
contain a watery, often gaseous yellowish 
white material Pneumonia plcuritis, and 
peritonitis may be present as compli 
cations Abscessed joints someumes occur 
as a secondary infection after die disease 
appears to have abated 

DIAGNOSIS 

Diagnosis is based primarily on the 
presence of a moderately infectious yellow 
ish white diairhca The absence of hemor 
rhagjc lesions on die stomacli and die 
limited degree of infcciivity help to dis 
tingujsh It from transmissible gastroenler 
iijs of viral cijology (Clnptcr 6) Hide 
rial culture of pareiidiyinal organs, made 
at necropsy of scouring pigs in a moribund 
condition or sliorily after dcadi, will 
usually reveal a coliform bacterium if die 
disease is not of viral origin 

IMMUNITY 

The only highly susceptible period for 
C colt infection in the pig i$ the first few 
days of life Thereafter, whether or not 
the pig has been exposed to pathogenic 
strains of colifonn organisms oilier liun 5 
cholcraesutt, there is little ocairrencc of 
the disease This indicates the develop- 
ment of 4 balance between the resistance 
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In the Annual Report of the Bureau of 
Animal Industry for 1907, Mohler and 
Washburn stated “Indeed there is prob 
ably no disease of hogs, not even excepting 
hog cholera, which is causing heavier los 
ses to the hog raiser than tuberculosis 
It must be considered as a general veten 
nary problem theoretically easy of solution 
which should receive tlie careful attention 
of all sanitarians " Tuberculosis is no 
longer such a serious problem in swine 
in the United States, but the decrease of 
the disease has not been as pronounced as 
for bovine tuberculosis The latter part of 
the statement by Mohler and Washburn, 
though made in tlie early 1900 s, may well 
be heeded today For the year ending June 
30, 1957, there were slaughtered, under 
federal inspection, 20,142,195 cattle, of 
which only 3,310 carcasses (0 016 per cent) 
had lesions of tuberculosis In contrast, of 
62,238,519 swine slaughtered during die 
same period, 1,841,623 carcasses (2 96 per 
cent) had lesions of tuberculosis (Pals, 
1957) The percentage of infecuon is tlius 
about 180 times as great for swine as for 
cattle, and this is cause for concern 
There has been no direct campaign to 
eradicate tuberculosis m swine It was once 
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thought that the campaign to eradicate 
bovine tuberculosis, which was started in 
1917, would result in a reduction of the 
prevalence of tuberculosis in swine in tlie 
United States However, the percentage of 
swme with tuberculous lesions continued 
to increase for a number of )ears, as shown 
in Table 25 1 The investigations of Van 
£s and Martin (1925) and tliose of Gra 
ham and Tunnicliff (1926) showed that 
most of the tuberculosis in sivme was of 
avian origin 

The decrease in prevalence of tubercu 
losis in swine in the United States is 
largely attributable to a lowering of the 
incidence of tuberculosis in poultry, which 
m turn is the result of the increasing prac 
uce of maintaining all pullet flocks of 
chickens The control of tuberculosis in 
swme IS thus incidental to and a beneflcial 
but secondary efl'ect of a changing practice 
of poultry husbandry Perhaps a more 
rapid decline in tuberculosis among swme 
Will occur if a direct and cfFcctne attack 
IS made on tuberculosis in poultry 

JNCIDfNCE 

Because swme arc not routinely tested 
with tuberculin, the only sources of mfor 
mation on the prevalence and geographic 
distribution of tuberculosis in tins species 
arc tlie data obtained from meat inspection 
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of the host and the invasion of facultative 
pathogens Animals not previously ex 
posed to S choleraesms remain susceptible 
to this organism for some time after the 
weaning period When pigs develop to a 
weight of 60 lb or more, the pathogens 
named above seldom are incriminated as 
pnmary causes of disease 

TREATMENT 

Oral administration of drugs to baby 
pigs IS generally considered somewhat im 
practical because of the number of treat 
ments necessary and the difficulty in ob 
taming accurate dosage The most conven 
lent method of treatment of pigs is through 
medication of the sow with drugs which 
are subsequently secreted with the sow s 
milk One gram of Terramyan injected 
intramuscularly into the sow has been 
found to be successful, whereas penicillin 
and streptomyan administered in a simi* 
lar manner were not effective (Schipper 
et al , 1956) Good results have been ob 
tamed by injection of sulfamethazine into 
the baby pig at the rate of >4cc of a 12>4 
per cent solution for each pound of body 
weight (Hokanson, 1958) One mjecuon 
usually will suffice but may be repeated in 
24 to 36 hours Sulfathalidine (phthalyl 


sulfathiazole) administered in 025 Gm 
doses to pigs between the ages of 3 to 10 
days, and 0 5 Gm doses every second day 
for those over 10 days resulted in 95 per 
cent recovery as compared to 85 per cent 
mortality in untreated controls (Edmonds, 
1916) Treatment of associated anemia 
with injectable iron in the form of iron 
dextran compound is very helpful Treat 
ment of the umbilicus with iodine at the 
time of birth is effective in controlling 
joint infection 

EPIZOOTIOLOGY AND CONTROL 

The organism is readily spread from pig 
to pig by the consumption of infected 
feces As the disease spreads, the organ 
ism develops greater pathogenicity or m 
creased numbers with a resulting increase 
m pig morbidity and mortality Control 
IS best effected through management Ac 
cording to McBryde (1934), if pigs 
removed from the sow immediately after 
farrowing, kept aivay for 4 hours, and then 
returned to the sow to receive colostrum 
the disease did not occur Ample dry bed 
ding, elimination of drafts, provision of 
heat lamps m dully weather, clean dr) 
pens, and a good sow ration (see Chapters 
36 and 51) are of major importance 
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In die Annual Report of the Bureau of 
Animal Industry for 1907, Mohler and 
^Vashburn stated Indeed tliere is prob 
ably no disease of hogs, not e\en excepting 
hog cholera which is causing heavier los 
scs to the hog raiser than tuberculosis 
It must be considered as a general vetcri 
nary problem theoretically easy of solution 
^shich should recci>e die careful attention 
of all sanitarians " Tuberculosis is no 
longer sud) a serious problem in swine 
m the United States, but the decrease of 
die disease has not been as pronounced as 
for boNine tuberculosis The latter part of 
die statement by Afoliler and U'ashburn, 
though made in the early 1900 s, may well 
be heeded today For the )ear ending June 
30, 1957, dicre were slaughtered, under 
federal inspection, 20,112,195 cattle, of 
whidi only 3,310 carcasses (0 016 per cent) 
Ind lesions of tuberculosis In contrast, of 
02 238 519 swine slaughtered during the 
same period, 1,811,023 carcasses (2 96 per 
cent) had lesions of tuberculosis (I*als, 
1957) The percentage of infection is thus 
about IbO limes as great for swinc as for 
cattle, and this is cause fur concern 

There has been no direct ompaigti to 
eradicate tuberculosis in sntnc It was once 
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thought that the campaign to eradicate 
bosine tuberculosis, which was started in 
1917, tvould result in a reduction of the 
prevalence of tuberculosis m swine in tht 
United States However die percentage of 
swine widi tuberculous lesions continued 
to increase for a number of >cars as shown 
in Table 25 1 The investigations of Van 
Es and Martin (1925) and those of Gra 
ham and TunnicliH (1026) showed dial 
most of the tuberculosis in swine was of 
avian origin 

The dcacase in prevalence of tubcrai 
losis in swine in the United States is 
largely attributable to a lowering of the 
incidence of tuberculosis in poultry which 
in turn is tiic result of the increasing prac 
(ICC of maintaining all pullet /locl^s of 
cliicLcns The control of tuberculosis in 
swine IS tlius incidental to and i liencficial 
but secondary clfcct of a changing practice 
of poultry husbandry I’crhajis a mure 
rapid decline in tuberculous among swine 
vmII occur if T direct and cUcctivc attack 
IS made on tuberculous m {Miiltr) 

INCIDENCE 

Because swine arc not routiuci) tcitctl 
vsitii iul>crattin tiu. onis sources of Infir 
mation on tlic prcsalencc and geographic 
dittribution of tubcrculoMi in ihiv 
arc the data obtained from meal inijiettion 
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TABLE 25 1 

Inctoence of Tuberculosis in Swine in the United 
States as Deterjuneo by Necropsv iNSFEcnos m 
Abattoirs Under Federal Supervision* 


Year 

Number 

Slaughtered 

Per Cent 
Tuber- 
culous t 

— 

Per Cent 
Con- 
demned t 

1907 

31,815,900 

1 34 

0 20 

1912 

34,966,378 

4 69 

0 12 

1917 

40,210,847 

9 89 

0 19 

1922 

34,416,439 

16 38 

0 20 

1927 

42.650,443 

13 54 

0 14 

1932 

45 852,422 

11 38 

0 03 

1937 

36,226,309 

9 48 

0 08 

1942 

50,133,871 

7 96 

0 026 

1947 

47,073,370 

8 50 

0 023 

1952 

63,823.263 

4 40 

0 015 

1956 

66,781,940 

4 76 

0 010 


• Data compiled from Year Book, USDA (1922), 
Tcldmaa (1955}> Pickard (1952J| and from USDA 
(1956) 

t Includes all carcasses %vitli evidence of tubercu 
losis, varying in extent from only small foci m cervical 
lymph nodes to generalized involvement 

t Includes only carcasses with evidence of general 
ued tuberculosis 

records Reference to Table 25 1 shotvs 
tliat on tins basts tlicrc was in the United 
States an inaease in tlie rate of infection 
until 1922, during winch )car 16 33 per 
cent of all swine slaughtered under federal 
supervision had tuberculous lesions, m 020 
per cent die disease was so extensive tliat 
the entire carcass was condemned Since 
1922 tlicrc has been a gradual decline, by 
1956 tlie incidence had losvcrcd to 4 7G per 
cent with only 0 01 per cent having cvi 
dcncc of generalized tuberculous disease 
Geographically, tlicrc is in Uic United 
States a wide variation m die prevalence 
of tuberculosis in suinc The infection ap- 
pears to occur most frequently m the north 
central slates Feldman (1936) recorded 
tliat the rciciuion of swine for tuberculosis 
in South Su Paul and Chicago was 15 09 
per cent and 11 35 [icr cent, rcspcctivcl), 
as compared to 6 8 per cent and I 9 per 
cent for it. Louis and Kansas Cji> Jn 
1951, in federal!) supervised abattoirs m 
Cleveland, Detroit, and SouUi Sl Paul, the 
paccnUcC of swine carcasses wiih tuber- 
^lous lesions was 8 17, 8 01, and 6 6 per 
cent, icsiiccmcl), in coiiirasi to 15/ and 
1 33 per cent for tort Worih and Kansas 


Ctty, respectively (Feldman, 1952) Pick 
ard emphasized the greater incidence of 
tuberculosis in swine in the north central 
states than in oilier sections of tlie United 
States by showing that for tlie year ending 
June 30, 1952, one of 12 swine slaughtered 
in abattoirs in Micliigan had lesions of 
tuberculosis, as compared to one of 100 
slaughtered in Georgia During 1955, in 
tile United States only 3 2 per cent of 
61,370,474 swine slaughtered under federal 
supervision, had evidence of tuberculosis 
In that year die incidence ranged from 
3 5 per cent for die area including Iowa, 
Minnesota, Nebraska, Nordi Dakota, and 
South Dakota to 1 3 per cent for die 
area including Florida, Georgia, South 
Carolina, North Carolina, and Virginia 
(Pals, 1957) 

Since most of the tuberculosis in swine 
in the United States is of avian origin, »t 
js reasonable to expect tliat the prevalence 
of die disease among swine is greater »n 
die nordi central states where tuberculon* 
among diickcns is greater (Pickard, 1952). 
However, m evaluating the geographic 
prevalence of tuberculosis based on meat 
inspection records, it should be rcm«n 
bered diat swinc may be transported to 
abattoirs at great distances from their on 
gin For example, Ranncy (1955) reported 
that, m 1951, shipments of swine widi a 
high incidence of tuberculosis m Phd^ 
dclphia could be traced to one of die ecu 
ira! states, and in 1955 tuberculous swine 
reported in Albany, Nctv York, »»ctc 
eventually found to have originated in die 
middle west. 

Reports from various parts of the worl^ 
indicate Uiat tuberculosis in swine is recog- 
nised as a problem and dial ns prevalence 
perhaps rcllccis inversely the success o 
controlling tuberculosis m odicr s{>ecws- 
In Great llniain (Thornton, 1919) h 
sjid diat lubcradosis m swine wa* 
largely to the feeding of dairy by 
In one abattoir, II 0 per cent of ^ 
svvinc from all parts of Great lUiuin 
tuberculous lesions, the tnajoriiy of "hn » 
were locahrcd in die submacidarv Jvin;^ 
nodes. In trance (Comin^uy, I9 j5)» ■** ' 
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abattoir in Le Havre, the incidence in 1946 
was less than 0 I per cent, but this had in 
creased to 10 per cent in 1952 as the result 
of an increase in the practice of feeding 
dairy by products In Switzerland (Lanz, 
1955) there had been a decrease from 2 32 
per cent m 1946 to 1 32 per cent in 1953, 
due to better control of tuberculosis in cat 
tie In Germany (Hubner, 1956) tlie meat 
inspection statistics shoued a slight de 
crease in the percentage of swine with 
tuberculous lesions, from 2 9 per cent m 
1950 to 2 2 per cent in 1954, which is at 
tributed to efforts to reduce the incidence 
of tuberculosis m cattle 
In Denmark (Bendixen, 1950, 1956), ac 
cording to official figures, die extent of 
tuberculosis among swine fell gradually 
from about 4 5 per cent m 1925 to 1 or 2 
per cent m 1944, coincident!/ with the 
decrease of bovine tuberculosis There has 
continued to be a small percentage of 
swine (0 44 per cent m 1955) widi local 
ized lesions due to avian tubercle bacilli 
In Egypt (Elian et al , 1953) at the 
abattoir m Cairo, 62 (2 per cent) of 3.143 
swine had lesions of tuberculosis, of wind) 
34 were due to human type tuberde ba 
cilh Tuberculosis is said to be common 
m swine in South Ahica. and is due pri 
manly to bovine sources (Fouric et al , 
1950, Robinson, 1955) In Australia, (iVl 
biston et al , 1954) sunejs made m Vic 
toria indicate a drop m ilie incidence of 
tuberculosis m swine in a 40 )car period 
ending in 1951 from about 4 0 or 5 0 per 
cent to 15 or 2 5 per cenL A slight m 
crease in recent years was attributed to 
feeding of more dairy by products In 
Queensland the incidence of tuberculosis 
m swtne dropped from 7 per cent m lOiO 
lo 1 per cent in 1953, ouing to control of 
tlic disease m cattle. In South Australia, 
however, Uic rate increased from 1 or 2 
per cent in 1936 to 7 per cent in 1951, 
owing to expansion of tlic poultry industry 
Data on ilie prevalence of lubcrculosu 
in SHinc as compiled from meat impcctioii 
records may be misleading because the 
diagnoses arc nude on die basis of maao* 
scopic ap^searance of lesions, A ccrum 


number of tuberculous infections will es 
cape detection because tlie lesions are not 
grossly visible Avian tubercle bacilli have 
been isolated from tonsils (Feldman and 
Karlson, 1940) and from lymph nodes 
(AfeCarter ci al , 1935) of apparently nor 
mal swine as well as from grossly normal 
lymph nodes of carcasses lint were ‘passed 
for food ' after removal of localized lesions 
(Feldman, 1930) Furthermore, in studies 
in die United States and Canada where 
presumably tuberculous lymph nodes of 
swine were collected at abattoin and e\ 
ammed bacienologically, a varying but 
high percentage failed to yield tubercle 
bacilli, as shown m Tabic 25 2 Similar 
observations have been made by workers in 
Australia (Clapp, 1956 Pullar and Rush 
ford, 1954), England (Cornell and Grif 
fitii 1930 Cotchin, J910i) Denmark 
(Plum, 1916) and Germany (Baumann ct 
al, 1955, 1956) to mention a few The 
failure to demonstrate tubercle bacilli in 
lesions which appear grossly to be tuber 
culous may be due to (1) iindcquacy of 
present day methods for isolating tubercle 
bacilli (2) occurrence of healed processes 
that contain no viable tubercle bacilli or 
(3) causation of the lesions by some micro* 
organism otiicr than tubercle bacilli such 
3$ Corynebacterium equi, discussed liter m 
this chapter 

SOURCES OF INFECTION AND CONTROL 
Swme are susceptible to infection with 
Mycobacterium tuberculosis var bovts. My 
cobacterium tuberculosis \ir liomnus, and 
Mycobacterium avium The occurrence of 
tuberculosis in swine is therefore related 
to the opportunity for direct or indirect 
contact with tuberculous cattle, human 
beings and fowl and to the prevalence of 
tuberculosis m tlicsc species 

Fhe bovine tubercle bacillus is not a 
conmioii cause of tuberculosis in swine in 
localities vvhere die disease in cattle is con 
trolled b) a campaign of eradication hi 
the United Stales and Canada, for cxamjile. 
bovine tubercle bacilli are rarely found in 
lesions of iwinc, as shown in fable 2a 2. 
Utnunaiion of bovine lubcrculoiis in die 
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primary host thus sex-ves to control the 
disease in swine. Houcser, tlie occasional 
finding of bovine tubercle bacilli in swine 
is a reminder that the disease in cattle is 
a constant threat. Efforts to eradicate bo- 
sine tuberculosis should not be diminished. 

Where tuberculosis does occur in cattle, 
tlie infection may be transmitted to swine 
by feeding of unpasieurized milk, and dairy 
by-products. This danger was recognized 
in Denmark where, in 1898, compulsory 
pasteurization was introduced, not pri- 
marily to protect the human population 
but to pre\cnt transmission of bo\ine 
tubercle bacilli to cahes and pigs in by- 
products of dairies (Bang, 1899). It has 
been shown iliat feces of tuberculous cattle 
may contam \iablc tubercle bacilli, which 
provide an obvious liazard ulierc stvinc 
and caide arc maintained in a common 
feed lot (Sclirocdcr and Molilcr, 1006). 
Tuberculous metritis in cattle and consc- 
(picnt abortion aeaic opportunities for in- 
fecting swine. It is obvious that swine 
sliould not be exposed to infected cattle. 
Tlie practice of feeding swine the offal 


from abattoirs or feeding uncooked gar- 
bage is obviously unwise, since sudi mate- 
rial may contain tuberculous material from 
beef carcasses. 

The human type of tubercle bacillus h 
occasionally isolated from tuberculous 
lesions in swine. No person known to have 
active tuberculosis should be pcrmiiicd lo 
have any contact with swine or other 
animals. In the Philippines, Topado 

(1933) found that each of 11 cultures 
laicd from swine was of human origin 
This was attributed to die custom of per- 
mitting swine lo run at large in rural areas 
where the incidence of tuberculosis among 
people was high and where siantl.nrdi of 
sanitation were low. In Finland, Svand- 
berg (1935) examined tuberculous lesion* 
from GO suinc from abattoirs during 1931 
and 1932 and found that 21 had human 
tubercle baalli and 10 had bovine 
No avian strains were dcmonsuahlc. 

(Specimens from I i animats failed to yield 
any tubercle bacilli, and in 12 instances the 
examination was incomplete) These te* 
suits were said to reflect die high 
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Summary or Data Compiixo From Reports ix North America ox tiic Occukriwcr or TuctRCtR UvaiSi 
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(Specimens obuincd from abattoirs under federal suiiemuon) 






[ Type ofTubcrcIe Bacillu*, I 



Onginof 

Number uf 

<Vviaii 

.Vfammaban 

Mised 

Author 

Date* 

S**inc 

Specimens 

Only 

Only 

Van I.t and Martin . 

1925 

Net>ratka 

243 

74 6 

4 4 

S 6 

Van El and Martin 

1925 

\ftcl»);an 

14 

92 9 

none 



J926 

Ilhnou 

85 

60 0 

4 3 



1955 

W uconun 

61 

65 5 

iRine 

Dot>e 

Fcldnun 

195t>b 

Sout}.ca'icm 

3o; 

80 0 

6 6 

Done 


XfinncMU 


(boune> 


Crawfwrd . 

1953 

North Central 

56* 

S3 5 

41 6 

none 


Stairs 



(bovine) 


Feldman 

1959 1 

MuuvauU 

T5J 

46 6 

16 0 
(human) 

rRax* 


1940 , 

MinncsuLs 

89 

1 61 3 

none 


MitclkcU ami aiaocialcs 

1954 
1946 ! 

Canada 

252 

44 8 

1 none 

1 0 9 








BanUcr 

W46 ' 

AllKru > 

1 

102 

1 

li 0 

1 0 

(Un«»e) 

r>jf-e 1 


Swiet 


15 * 

n^joe 


54 5 
15 5 


5’ 3 


\t 2 
it 5 
54 > 


• In vmJ >>•-> I*-:- '■ 





Chapter 25 TUBERCULOSIS A. C (Carlson 381 


culosis morbidity in the human population 
and the low incidence o£ tuberculosis in 
poultry in Finland at that time 
Uncooked garbage is a potential means 
of transmitting tuberculosis to swine But 
ler and Marsh (1927) found tuberculous 
lesions in cervical and mesenteric lymph 
nodes in 26 of 80 swine fed uncooked gar 
bage from a hospital with a number of 
tuberculous patients Material from some 
of these affected animals was studied and 
found to contain human type tubercle 
baczlh Feldman (1939) recorded that of 
264 garbage fed swine, 75 (28 4 per cent) 
were found at the time of slaughter to 
have tuberculous lesions Of these, 47 were 
found to contain tubercle bacilli of which 
35 were of avian and 12 were of human 
type It was concluded that garbage may 
contain the offal of tuberculous chickens 
and also that material from tuberculous 
patients is not properly disposed of Per 
haps one way to encourage the isolation of 
tuberculous patients and to insist on hy 
gienic disposal of wastes is to show the 
economic loss tliat may result from infeoi 
ing food producing domestic animals 
The frequent occurrence of avian tuber 
cle bacilli in lesions limited to the cervi 
cal and mesenteric lymph nodes m natur 
ally infected swine indicates chat infection 
usually occurs by ingestion Graliam and 
Tunmchff (1926) , who were concerned by 
apparent irregularities m the control of 
bovine tuberculosis in Illinois, investigated 
the possibility that fowl may be a source 
of tuberculous infection to other animals. 
The results of tlieir experiments on trans 
mission of avian tuberculosis to swine may 
be summarized as follows (I) Lesions m 
swine are usually local and confined to 
l>nipli nodes of die digestive tract, parncu 
larly die mesenteric nodes, (2) swine may 
be easily infected by feeding of gram con 
taminatcd with feces of tuberculous cluck 
ens as well as by feeding of organs of 
tuberculous fowl, (3) swine ina> be m 
Ccctcd by occup)ing an area in which 
tuberculous cluckcns have previously been 
confined (4) die infection may be trails 
luiitid front swine to swine 


Schalk and co workers (1935) obtained 
similar results in their extensive studies m 
North Dakota Of particular importance 
was their observation that swine contracted 
tuberculosis when placed on ground that 
had not been occupied by tuberculous 
chickens for the previous 2 years Viable 
and pathogenic avian tubercle bacilli were 
found in the soil and litter of a chicken 
cage after 4 years Schalk and co workers 
concluded that soil contaminated by feces 
of tuberculous fowl is the most important 
source of infection for swine No success 
was obtained in controlling the disease 
merely by use of the tuberculin test and 
elimination of reactors, because the soil 
remained infective They recommended 
that an ideal program to control avian 
tuberculosis is to rear young birds on clean 
ground and to dispose regularly of all 
fowl more than I year old Lee (1956) 
also emphasized the importance of climi 
natmg older chickens m efforts to control 
tuberculosis m swine He found that in 
Iowa, during die period from 1946 to 1919 
only 0 24 per cent of S3 769 chickens in 
all pullet flocks were tuberculin positive as 
compared to 11 52 per cent for 5 382 hens 
2 years old or more 

Wild birds may be incriminated as a 
source of avian tuberculosis in swine Cra 
ham and Tunmchff (1926) shovvcd that 
the disease could be produced m pigs by 
the feeding of naturally infected sparrows 
Sdialk and co workers also considered wild 
birds to be a possible means of spreading 
avian tuberculosis In a herd of pigs having 
no contact wuh poultry, McDiarmid 
(1956) found that some animals reacted 
to avian tuberculin and were found to 
have tuberculous lesions TJic source of 
infection was atinbmcd to luberailous 
sparrows found m die vicinity 
The close contact of swine in yards and 
feeding pens provides opportunity for 
transmission of tuberculosis from animal 
lo animal The occurrence of micstinal 
lesions, as shown m Fig 25 1, allows spread 
of tubercle baalli iii feces Graham and 
Tunmchff (1926) found dial rccul scrap- 
ings of sonic tuberculous sivinc contained 
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viable avian tubercle bacilli. Feldman and 
Karlson (1940) and Pullar and Rushford 
(1954) have demonstrated avian tubercle 
bacilli in tlte tonsils of pigs. The latter 
workers suggested that this may be a source 
of infection to other animals. Pulmonary, 
uterine, and mammary tuberculous lesions 
in swine constitute sources of infection to 
other animals. Plum and Slyngborg (1938) 
examined the lungs of 96 swine with pul 
monary tuberculosis and isolated bovine 
tubercle bacilli from the bronchial mucus 
of 23. In the same report Plum and Slyng- 
borg mentioned that about 28 per cent of 
1,700 sows had tuberculous lesions, and 
that 1 5 per cent had involvement of the 
uterus, two to tliree times as many had 
tuberculous mastitis. In all the cases the 
infection was the bovine type 

IMMUNIZATION OF SWINE WITH 
BACILLE CALMETTE GUERIN (BCG) 

The control of tuberculosis in swine by 
immunization with BCG has been advo* 
cated, especially where infection due to 
botine tubercle bacilli is serious. A brief 
account of using BCG in swine in Chile 
\sas given by Sanz (1930), who reported 
that over a 3*)ear period, 993 pigs were 
vaccinated at birth and separated from 
their dams. In none of the vaccinated 
swine did tuberculosis develop, although 
they were on farms where bovine tubercu- 


losis was present. The only swine tliat died 
of tuberculosis were the older, umacci* 
nated animals. In 1948 Girard reported 
tliat in Madagascar, where bovine tuber- 
culosis is common, immunization of swine 
with BCG is a useful procedure. In the 
period from 1930 to 1942, 1,800 pigs were 
vaccinated at birth, with good results. The 
vaccination permitted tlie successful raising 
of swine where previously tlie occurrence 
of bovine tuberculosis had caused serious 
losses in herds of swine. 

However, the results of experimental 
studies with suitable controls have shown 
that, m swine, BCG affords little if any 
appreciable protection against tuberculosis 
due to bovine tubercle bacilli. Jundell and 
Magnusson (1931) in Sweden vaccinated 
16 pigs, 11 to 14 days old; eight were 
given 10 mg. of BCG intramuscularly and 
eight were given 10 mg. orally on 3 suo 
cessive days. Two months later die vacci* 
nated animals plus six control animals 
were fed tuberculous bovine udder tissue. 
In 19 to 22 weeks, all of the animals were 
slaughtered and all were found to have 
extensive tuberculous disease. It was con* 
eluded that diere was no evidence of pro 
lection due to the use of BCG. 

In this country, Hayes et al (1932) con- 
ducted a number of experiments in which 
BCG was administered to swine by various 
routes. Comparison of the extent of tuber- 
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culous disease in vaccinated animals and 
in the controls led to the conclusion that 
one injection o£ BCG of 100 mg given by 
the subcutaneous, the intramuscular, the 
intradermal, or the intravenous route 
failed to protect against generalized tuber 
culosis induced by intravenous infection or 
by feeding infective material of bovine 
origin Also, three successive oral doses of 
100 mg of BCG failed to provide any re 
sistance to infection These workers also 
showed that the presence of an inoculation 
lesion at the injection site of BCG failed 
to have any premumtive effect This re 
port of carefully controlled experiments 
appears to be a conclusive demonstration 
of the ineffectiveness of BCG for the con 
trol of tuberculosis m swine 

TUBERCULOSIS LIKE LESIONS ASSOCIATED 
WITH CORYNEBACTERfUAI EQUI IN 
LYMPH NODES OF SWfNE^ 

As mentioned previously, a relatively 
high percentage of localized tuberculous 
lesions in lymph nodes of swine have failed 
to yield tubercle bacilli when examined by 
bactenologic or animal inoculation pro 
cedures Referring to Table 25 2 it is seen 
that this is a common experience The 
failure to demonstrate tubercle bacilli may 
be due to inadequate technic, to healing 
of die lesion, or to the fact that the lesion 
was not tile result of inlection by tubercle 
bacilli TVilh respect to the latter possj 
bihty, special mention must be made of 
the occurrence of Corynebactenum eqm in 
localized lesions that cannot be easily dif 
ferentiated from tuberculous processes 
eidier macroscopically or histologically 

Holth and Amundsen (1936) in Nor 
way reported diat of 162 tuberculous lymph 
nodes from sivine only 103 jiclded tubercle 
bacilli (97 iicre typed, of whicli dicre were 
80 avian, 16 human, and one bovine 
strain) Of die other 59, there were 38 
dial contained a variably acid fist cocco- 
bacillus The acid fastness, Jiowcvcr, was 
not constant and was lost on subculture 
The presence of Uus microorganism in 


• \ mote complete dtscuaion of ihu problem and 
ad lUtODv] rcrcrenccs ntvy be found in the mono 
graph by Oiiosen (19(S) 


localized tuberculosis like lesions in swine 
was soon confirmed by other Scandinavian 
workers Bendixen and Jepsen (1938) in 
Denmark showed that the mjcroorganism 
in question was actually C equt, which 
was knovm to be the cause of a purulent 
pneumonia in horses The lesions in swine 
are called Holth s processes and the 
microorganism is referred to as Holth s 
bacillus or Corynebacterium Magnusson 
Holth ' m some reports 
The microorganism is a diphtheroid 
which grows well on ordinary culture 
medium forming smooth colonies with a 
characteristic pink color C equi has been 
found in the soil, as well as in pathologic 
conditions in various species of domestic 
animals The microorganism is not patho 
genic for the usual laboratory animals 
In Wisconsin, McCarter et al (1935) 
recorded as an incidental finding that cul 
tures of an orange pink diphtheroid ’ were 
isolated from 21 of 61 tuberculous cervical 
lymph nodes of hogs but were not found 
in lymph nodes of nontiiberculous suinc 
In Minnesota, Karlson et al (1940) de 
scribed the isolation of C equt from tuber 
culous lymph nodes as well as from normal 
submaxillary lymph nodes of swine In the 
diseased nodes the microorganism was oc 
casionally found alone, but m most m 
stances it was associated with avian 
tubercle bacilli These workers attempted 
without success to reproduce lymphadenitis 
in swine with cultures of C equi It was 
concluded that Uie etiologic significance of 
C equi m tuberculosis like lesions in swine 
was doubtful In England, CoteJun (J940b) 
also found C equt in tuberculous cervical 
lymph nodes of pigs as well as tn normal 
animals He loo doubted tliac tins micro- 
organism had any pathogenic significance 
in Swine Hoisevcr, various investigators in 
die 1910s and 50s have considered that 
C equt is of importance because it is often 
found cither alone or uidi tubercle bacilli 
in localized lesions of die head and neck 
tn sninc 

Plum (1916) in Denmark siudicd a 
large number of tuberculous lymph nodes 
from snjnc and concluded dial it is ditfi 
cult for inspectors in abattoirs to diffcren 
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tiate so-called Holth’s processes from lesions 
caused by tubercle bacilli. This problem 
has been recently recognized in South 
Africa (Robinson, 1955) and in Australia 
(Tammemagi, 1953; Clapp, 1956) as ivell 
as in various European countries. Ottoscn 
(1915) has shown Uiat C. eqiii occurs more 
frequently in the soil of hog pens than 
elsewhere. As a preventive measure Ottosen 
recommended that the use of certain pens 
for pigs should be avoided if cultures of 
the soil reveal C. equi. 

TUBERCUUN TEST 

Of historical interest are tire studies of 
Schroeder and Mohler (1906) on the sub- 
cutaneous or thermic tuberculin lest in 
swine. Animals were confined in crates to 
prevent exercise, which caused variations 
in temperature. Rectal temperatures were 
recorded every 2 hours on die day pre- 
ceding and every 2 hours on the day fol- 
lowing a subcutaneous injection of 0.5 ml. 
of tuberculin. A positive reaction was re- 
corded when there was an increase in 
temperature of 1®F. Only two failures 
were reported in 58 animals. One reactor 
had no visible lesions, and one tuberculous 
pig failed to react. 

The intradcrmal test, usually on Utc ear, 
is now cmplojcd. Since swine are suscep- 
tible to infection with avian and wiili 
mammalian tubercle bacilli, it is advisable 
to use avian and inamnialian tuberculin. 
Van Es (1925) vsarned that, if onl) mam- 
malian tuberculin is used for testing swine, 
a considerable number of cases will escape 
detection and that for dependable results 
avian tuberculin must also be used. Van 
Es (1925) and Luke (1953) have sug- 
gested that for swine, avian and mam- 
malian tuberculin may be inivcd .and given 
in a single injection. However, .a positive 
reaction to suclr a test would not indicate 
whether avian or mammalian infection 
were present-* 

Feldman (lOSSa) lus recommended Uic 


• For .n aca.i.nl ol cil. uud.n <»> >l‘' ’P"“- 
„ ol amn ai..l mauimaUan luUicul.i. i.. .»inr. 


use of 0.2 ml. of 25 per cent Old Tuber- 
culin applied into the dermis on the dor- 
sal surface of tlie ear slightly anterior to 
the base. A positive reaction is indicated 
in 24 hours by a flat reddish swelling up 
to 3 cm. in diameter, which in ^8 hours 
reaches its maximal intensity. At this lime 
the erythema and swelling are more pro- 
nounced; the central area becomes hemor- 
rhagic and ulceration may occur. McDiar- 
mid (1956) described a means of testing 
swine in which restraint is not neccssar)’. 
While tlie animals are feeding from a 
trough, 0.1 ml. of tuberculin is injected at 
a right angle into the skin at the juncuon 
of ear and neck, a needle only 3.5 mm. 
long being used. With tJiis short needle 
most of the tuberculin Is said to be deposi- 
ted in tlie skin. By use of a s)ringe in cacli 
hand it is possible to inject avian tuber- 
culin on one side and mammalian on (be 
other. Reactions are recorded in 48 hours. 
A positive reaction varies from "puff)’' 
edema to inflammation, wiili purple dis- 
coloration and necrosis. McDiarmid used 
Weybridge PPD, which, according to Pater- 
son (1949) , has 3.0 mg. of protein per ml- 
for mammalian and 0.8 mg. of protein Jicr 
ml. for avian tuberculin. 

Lanz recommended injecting die tuber- 
culin in die skin of the back about 10 to 
20 an. posterior to die shoulders and 
slightly to die right of the midlinc. Tins 
was said to be easier and less time-con- 
suming than trying to use the car. A dose 
of 0.1 ml. of Purified Protein Derivative, 
PPD, (as used for cattle in Switzerland) is 
injected iniradcrmally. A positive reaction 
readies its peak in 72 hours and consists 
of a painful crydicmatous swelling 22 to 
35 mm. in diameter. No false or at>pieal 
reactions vscrc found among 310 animals, 
as determined by ncaops) examination. 

Luke (1952) described observations on 
the tuberculin test in 100 sovw. 3 or more 
)cars old, using avian and nummabau 
tuberculin iniradcrmally in the car and 
recording the rcvults in 21 hours. A 
live reaction was ascTil>ctl Vvlicn there '*as 
an inrxease of 2 inni. in thickness of 
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skin at the site of injection Of 39 reactors, 
only 22 had visible lesions, chiefly of 
lymph nodes of the digestive tract Tu 
bercle baciih were demonstrable in only 
three of the 22 animals with lesions, and 
each was a mammalian strain Lesions con 
sidered to be tuberculous were found m 
eight nonreactors, but tubercle bacilli Were 
apparently not demonstrable m these In 
Luke's opinion, there is a large percentage 
of error in the tuberculin test in stvine due 
to nonspeafic sensitivity or to residual 
sensitivity from healed tuberculous lesions 
Negative reactions in animals with lesions 
msf, accortfrng- Co Luke, be ascrrheii to (he 
"ability of the pig to overcome and ap. 
parently sterilise existing lesions * 

The reliability of the tuberculin lest m 
swine was examined by Pullar and Rush 
ford (1954) in Australia These workers 
tested 531 animals with avian and wuh 
mammalian tuberculin given intraderroally 
in 0 l->ml amounts at the base of the ear 
Reactions were recorded in 72 hours An 
increase in thickness of skin of 100 per 
cent or more (more than 4 ram ) was con 
sidered to be a positive reaction All ani 
mals were subjected to special examination 
in the abattoir Tuberculous lesions from 
nonreactors as well as from reactors w^re 
collected for bacteriologic study Only 36 
(6 8 per cent) of the 531 animals reacted 
positively to tuberculin, and only two of 
the 36 reacted to mammalian tuberculin 
Tuberculous lesions were found m eight 
nonreactors, five of whicli were found to 
have tubercle baalli According to the 
authors, the presence of such false negative 
tuberculin reactions in swine indicates the 
need of repeated tests in a herd A third of 
the reactors had no macroscopic evidence 
of tuberculosis Of particular importance 
was the finding that tubercle bacilli were 
demonstrable in only half of the lesions 
designated as tuberculous by gross in 
spection 


•Luke pass) has jtudicd various aspecU of the 
tuberculin test m sivme including the speaGc effect 
of tuberculin on the white blood cell count The 
reader is referred to Lukes paper for an account of 
these studies. 


PATHOIOGIC ANATOMY5 

As seen in the abattoirs, tuberculous 
lesions m swine are usually limited to 
lymph nodes of the pharyngeal and cervi 
cal regions and of the mesentery The 
lesions vary in appearance from small 
yellowish tvhite caseous foci a few milh 
meters m diameter to diffuse enlargement 
of the entire node The disease may be 
localized m one group of nodes or may 
involve a number of lymph nodes along 
the digestive tract 

Gross differentiation between tubercu 
lous adenitis due to avian and that due 
to mammalian tubercle baalli is difficult 
but in general there are some features 
characteristic of each In an infection of 
avtan origin, the lymph nodes may be 
enlarged and firm with no discrete puru 
lent foa or there may be one or more soft 
caseous areas with indistinct borders Cal 
cification js rarely demonstrable The cut 
surface of the lesion has a neoplastic ap- 
pearance with a few caseous foci Although 
there may be diffuse fibrosis, there is little 
tendency to encapsulation Relatively large 
areas of caseation may be present and oc 
casionally will involve the entire lymph 
node The lesions due to tubercle bacilli 
of Uie avian type are generally not easily 
enucleated In contrast, when the mfec 
non is of mammalian origin (eidier bo- 
vine or human), tlie lesions tend to be 
well encapsulated and are relatively easy 
to separate from the surrounding tissue 
In addition, calafication is prominent in 
lesions due to infection with mammalian 
tubercle bacilli The individual foci ap 
pear to be discrete and caseous These dis 
unctions are by no means absolute, and 
there are many variations m the gross ap- 
pearance of tuberculous lesions in lymph 
nodes of sivine 

Clapp (1956) esamined, by bacteriologic 
procedures, 420 lymph nodes (mostly sub- 
maxiilary) designated as tuberculous on 


* Detailed discussionj of the paiholoRiC anatomy 
of tubemilosu m si*me may be found in ihe paper 
by PaJIaskc UMl) and in the mono^npli by 
Feldman (1033a) 
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meat inspection. There was some correla- 
tion between the gross appearance and die 
etiology. Localized lesions that were not 
easily enucleated and large, dry, calcareous 
processes involving an entire lymph node 
were usually due to avian tubercle bacilli. 
Indistinctly mottled and streaked lesions, 
large encapsulated purulent abscesses, and 
lesions that could be easily enucleated were 
usually not due to tubercle bacilli. Some 
of these yielded C. eqm, which Clapp con- 
sidered as important in producing tuber- 
culosis-like lymphadenitis in swine. In the 
series of 420 specimens, only five were from 
cases of generalized tuberculosis in swine 
and each of the five was due to bovine tu- 
bercle bacilli. 

Microscopically, the changes induced in 
swine tissues by avian tubercle bacilli are 
by diffuse proliferation of 
wpithelioid cells and giant cells. There may 
be some necrosis and calcification, es- 
pecially in older lesions, but these changes 
are not usually prominent. Proliferation of 
connective-tissue elements accompanies the 
process, but there is little or no tendency 
to form a well-defined wall fay fibrosis. In 
contrast, lesions due to mammalian tu- 
bercle bacilli have a pronounced tendency 
to become encapsulated by a vvell-dc- 
\e\opeA aone conneciive tissue. In ad- 
dition, there is early caseation and marked 
calcification. These differences are illus- 
trated in Figure 25.2. 

Generalized tuberculosis in swine is not 
commonly seen. In most instances it is due 
to infection with bovine tubercle bacilli, 
but it may be due also to tlie avian type 
(Feldman, 1938b; Crawford, 1938). The 
extent and character of generalized in- 
volvement vary from die occurrence of a 
few small foci in several or^ns to exten- 
sive nodular processes involving the liver, 
spleen, lungs, kidnejs, and many i)mph 
nodes. Generalized lesions due to infection 
with avian tubercle bacilli tend to be dif- 
fuse. The cut surface is usually smootli, 
and lliere is no great tendency toward en- 
capsulation by fibrosis. There may be foci 
of caseation, but caldficaiion is not pro- 
nounced. Lesions resulting from infection 


with mammalian tubercle baalli, however, 
are likely to be discrete, caseous, and well 
circumscribed by fibrosis. Calcification is 
prominent. Figure 25.3a and b shtJWS por- 
tions of liver and lung from a hog with 
generalized tuberculous disease from which 
bovine tubercle bacilli were isolated. 

DIAGNOSIS 

A clinical diagnosis of tuberculosis in 
swine is presumptive at best. In tlie major- 
ity of cases tlie tuberculous lesions are 
limited to small foci in a few lympJi nodes 
of the digestive tract. It is difficult to con- 
ceive that such nonprogressive morbid 
changes may elicit signs detectable by 
physical examination. In cases of ejttensive 
tuberculous infection there may be_ signs 
that are suggestive of an infectious disease, 
but the symptoms and changes are hot suf- 
ficiently characteristic to establish a diag- 
nosis of tuberculosis. 

When there is rapidly dissemtnatmg 

tuberculous disease, tliere may be indxra- 
dons of generalized infection such as 
vated temperature, anorexia, and loss of 
weight. As die disease progresses, syihptoms 
such as dyspnea, diarrhea, and memngtS' 
mus may develop, depending on ilm ex- 
tent of involvement in certain organs- 
Tuberculous eMargemem oi lympVv wades 
may interfere with functions of adjacent 
organs. Dysphagia, dyspnea, and coughmg 
result from greatly enlarged lymph nod« 
in tlie pharynx, in the neck, in tlie medi- 
astinum, or in Uie hilus of a lung- 
larly, signs of digestive disturbances may 
be tlie result of greatly enlarged tubercu- 
lous lymph nodes of Uie alimentary icacu 
Pressure on motor nerves by 
l)Tnph nodes will result in paralysis- 
blc or palpable tuberculous lesions »n 
swine include enlargement of peripbera 
lymph nodes, arthritis, orcliitis, and 
titis. Tuberculous processes in thestf 
ations may ulcerate and form drawing 
sinuses. Tuberculous metritis may 6*'^ 
rise to vaginal disdiargc. 

The necropsy and histopaihologic ap 
pcarancc of tuberculosis in suinc has bec 
described. Altliough tiicsc morbid cliangcs 
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are sufficiently characteristic to permit a 
tentative diagnosis of tuberculosis, they 
are not specific. The great similarity be 
tween localized tuberculous lesions and 
those associated with C equt has already 
been discussed Also, it may be difficult to 
grossly differentiate chronic granulomatous 
lesions due to various infectious agents 
parasitic nodules, and neoplasms 
The tuberculin test for the diagnosis of 
tuberculosis in swine appears to be a use 
ful procedure on a herd basis Of the van 
ous teclinics described for this test in swme 
the operator should select the metliod 
which, by experience proves to be most 
suitable Separate tests with avian and 
mammalian types of tuberculin must be 
made A number of investigators have 
found that some tuberculous swine may 


fail to react to die mtradermal tuberculin 
test It IS advisable, therefore dial re 
peated tests be made m a herd where re 
actors have been found and have been 
eliminated 

The mere demonstration of acid fast 
bacilli in exudates or in lesions may be 
misleading Some workers have recorded 
that C equt is acid fast m smears of ne 
erotic material from lymph nodes of swme 
(Ottosen, 1945) Acid fast microorganisms 
other than tubercle bacilli have been iso 
lated from swme (Baumann et al , 1956 
Karlson and Feldman, 1940) 

The characteristic pathologic feature of 
tuberculosis in swme and the presence of 
acid fast microorganisms in such lesions 
provide important indications on which to 
base a diagnosis of tuberculosis However 


FIG 25 2— Tuberculous changes in cervical lymph nodes of swine a Mammol on fu 
bercle bocUIus infection The peripheral fbrosis, necrosis and colcif cation ore tyP'«‘ 
lesions due to the bovine or the human type of tubercle bacilli Hemofoxylln eosln X <*0 b 
Avion lubercle bocillus infection Diffuse cellular proliferot on w th I ttle necros s tie 
motoxylln'eosin X 95 
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FIG. 25.3— a. Portions of liver from a cose of generalized tuberculosis in a hog due 
to bovine tubercle bacilli. The nodular masses ore well seporoted from the normo^ 
appearing substance of the liver, b. Portion of lung from the seme cose. ° 
the lesions occur as round, distinct nodules. (Photogrophs furnished by Dr. W. n. 
Feldman.) 


an unequivocal diagnosis can be made only 
on tlie basis of bactenologic procedures 
designed for die isolation, identification, 
and typing of die tubercle bacillus.® 

SUMMARY AND RECOMMENDATIONS 
The occurrence of tuberculosis in swine 
is related to the prevalence of this disease 
in other species. In the United States, the 
avian tubercle bacillus is the most com- 
mon cause of tuberculous infection in 
sv.ine. Although die incidence of tubercu- 
losis among swine has been decreasing in 
diis country since the 1930 s, the loss is 
still considerable. At present, in abattoirs 
under federal supervision, the pcrcenugc 
o£ animals found to base lubcrculous 
lesions is about 180 times greater for swine 


• Methods tor idcinifttalion ot tho ‘'1” 
baalh may ho found in the monograph b, Feldman 
(1938a). 


than for cattle. To control tuberculosis 
in swme, efforts must be directed toiva 
eliminating tuberculosis in fowl. 

In the vast majority of cases, the lesions 
of tuberculosis in swine, as detected 
meat inspection services, are liniiiM to 
small foci in a few Ijmph nodes^ of ic 
alimentary tract. In a relatively high 
centage of sucli lesions, bacteriolopc 
studies have failed to reveal tubercle a 
cilli. The data on incidence of tubcrcu* 
losis in swine are unreliable to the cxicn 
that some of the nccrodc, graiiulomaious 
processes in lymph nodes of swine nia> 
actually be tuberculosis. 

A fruitful area for rcseardi is presente 
by the lack of information on die 
of localized nccrodc Ijniphadcnitis »n 
sw’inc. It is desirable to determine w la 
diaracteristics, if any, may be used grow y 
to differentiate true lubcrculous lesion 
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from other morbid changes. The relation- 
ship of C. equi to tuberculosis-like lesions 
in swine should be investigated. 

Symptoms and signs of tuberculosis in 
swine are evident when the infection is 
disseminated and causes malfunction of 
various organs and massive enlargement of 
lymph nodes. However, these changes are 
not sufficiently diaracteristic to be of diag- 
nostic value. 

The appearance at necropsy of general- 
ized tuberculous disease in swine plus the 
demonstration of acid-fast bacilli in tlie 
lesions is a fairly reliable diagnostic cri- 
terion. However, an unequivocal diagnosis 
is possible only on identification of tubercle 
bacilli by appropriate bacteriologic pro- 
cedures. 

For the intradermal tuberculin test in 
svWne, both avian and mammalian tuber- 
culin must be used. A positive reaction to 
one tuberculin or to die other will indi- 
cate, in most cases, the type of infecting 


tubercle bacillus. At present, no standard 
procedure is recommended for applying 
and for interpreting the tuberculin test in 
swine. Precise information is lacking with 
respect to the most suitable site of injec- 
tion, the amount and type of tuberculin, 
and the optimal period for observing the 
results The diagnostic value of the tuber 
culin test in swine will be on a firmer basis 
when investigations are made to determine 
tlie speaficity and limitations of the test. 

The eradication of tuberculosis in swme 
as well as in other species is dependent on 
the availability of an economical and 
specific means of detecting infected ani- 
mals. It is suggested that studies be initi- 
ated to explore the possibility of develop- 
ing a serologic test for tuberculosis Such 
a lest would require only one handling of 
tlie animal. Furthermore, a routine sero- 
logic test for tuberculosis could be per- 
formed on blood specimens submitted for 
other tests, such as tests of brucellosis. 
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WILLIAM L. SIPPEL, n.S., V.M,D., St.S^ Ph.D. 
florida Livestock Board 
Kissimmee, Florida 


DERMATOPHYTES 

Ringworm 

Cases of ringworm in swine are apparenily 
rare. In excellent articles on ringworm in 
animals, Georg (1954) and Blank (1953) 
make no reference to the disease in 
swine. Kinsley (1936), Anthony (1947), 
and GlSsser et al. (1950) , all indicate that 
ringworm is a rare condition in swine. Mc- 
Pherson (1956) quotes Ainsworth and 
Austwick as being unable to find derma- 
tophytes in porcine samples in their survey 
of animal dermatophytes in Great Britain. 
ETIOLOGY 

McPherson (1956) has reported the only 
case of porcine ringworm backed by cul- 
tural studies that the author has found. He 
recovered Trichophyton mentagrophytes 
from lesions on a Large White pig in Scot- 
land. 

The cause of ringworm is listed by the 
other authors above as Trichophyton ton- 
surans, and in addition Anthony lists 
Microsporum audouini. Krai (1955) does 
not identify the species listing “Trichophy- 
ton sp.” as the cause of porcine ringworm. 
T. tonsurans is generally regarded in tliis 
country as a pathogen of humans, so it 
can probably be assumed that in the 
United States the cause of ringworm of 
swine has not been positively identified. 
CUNICAl SIGNS 

The appearance of this condition in 
swine is much the same as in horses and 


Mycotic Infections 


cattle. The lesions are seen primarily on 
the back, sides, and head. Some authors 
also list lesions on the lower abdomen and 
inner surface of tlie thigh. The lesions 
begin as small, raised, grayish papules. 
These become covered with reddish scabs. 
At the same time, an inflammatory re- 
sponse causes the area to become tliickened 
and red. The size of the lesion progresses 
outtvard on all sides of the peripheral in- 
flammatory region, forming the typical 
“ringworm.” Meanwhile, the center of the 
lesion has tended to heal, leaving an area 
in which some of the hairs have disap- 
peared or broken off, with bristles and 
some normal-appearing hair remaining 
(Fig. 26.1) . The area may contain scales of 



FIG. 26.1 — Ringworm lesiorv on neck and |ow| 
of p*g. The dork areas ore the result of biop- 
sies. (Courtesy Prof, E. A. McPherson, Royat 
[Oickj School of Veferinory Studies, Edinburgh.) 
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dandruff like material Healing may not be 
complete m the central portion of the 
lesion, and irregular red areas may remain 
The lesions differ from those of cattle pn 
manly in that they are red rather than 
grayish to yellowish, and do not present 
an encrusted appearance The lesions in 
swine usually do not cause itching al 
though McPherson's cases did Affected 
areas may become 5 inches (127 ram) in 
diameter 

DIAGNOSIS 

A positive diagnosis is attained by 
demonstration of tlie spores of the fungus 
in selected hairs or shin scrapings from die 
lesion Cultural identification of die 
fungus IS a practical procedure for those 
having access to a laboratory offering diis 
service Ho\\e\er, the gross appearance of 
die lesion is so t}pical as to make field 
diagnosis quite reliable 

The spores on the hairs in swine ring 
s^orm are often difficult to demonstrate 
microscopically For this purpose, hairs at 
the edge o! die lesion should be selected 
In addition, a deep skin scraping m the 
same region should be made with a curette 
or sharp, curbed belly, scalpel blade (Bard 
Parker No 22) 

The hairs can be examined under a 
coacr glass m a drop of mineral oil using 
die low power magnification (100 X) for 
scanning and high dry for detailed exam 
mation The use of reduced light as ob 
tamed by racking down die condenser Kill 
facilitate finding the spores The use of 
Amanns ntediutn (lactoplienol cotton 
blue) scrscs as a combined fixing agent, 
stain, and mounting fluid It has the fol 
lowing formula 

Phenol crystals 20 gm 

Lactic ncul. S)rup 20 gm 

Gljccrol fO gm 

Water 20 ml 

Dissohc the abosc togcdicr widi gende 
W'arming m a hot water bath and add 
Colton blue 0 05 gm. 

The mjccha and spores stain blue /ri 
chopliyton $pp base spores ciUicr within 
or surrounding die hair follicle Most 
nnimal Tnchoph>tons arc of the cctodinx 


type in whicli die spores are arranged along 
(outside) the shaft of die hair (Fig 2G2) 
They appear as retractile bodies under the 
microscope Naturally occurring oil drop- 
lets can be confused with them and it may 
be desirable to extract die specimen with 
ether or chloroform to remove the oil drop- 
lets Pigment granules may also be confus 
ing and may be bleaclied out widi dilute 
hydrogen peroxide 

Examination of the deep skin scrapings 
can be facilitated by dissolving the cpiilie- 
lial debris in hot (do not boil) 10 per 
cent sodium or potassium hydroxide 

Trichophyton spp do not fluoresce 
under the ultraviolet (Woods) lamp, so 
this technique, which is helpful in detect 
mg Microsponim cams, is of no value in 
ringworm of swme 

TREATMENT 

Clipping of the hair around the lesion 
and removal of any encnisntions are in 
dicaicd preliminary steps in the treatment 
of ringworm lesions Knl (I95a) his re- 
cently reviewed the treatment of animaf 
dermaiomy coses He recommends general 
measures such as improvement of diet and 
sanitation Systemic use of iodides sudi as 
sodium iodide, given ornlly or inu'a 
vcnously, is recommended as good suppor 
live therapy, especially in severe fungous 
infections Krai uses newly de- 
veloped iodine prepanuons m whicli die 
iodine is combined with cernm types of 
synthetic detergents such as ethylene oxide 
condens*iic$ of propylene glycol Three to 
four applications at 2day intervals have 
been sufficient to effect a cure in 12 to 2o 
days in cases treated by him m horses 
cattle, dogs, cats and monkeys Ten {>er 
cent Clorox rubbed m well v^nh a loom 
brush has also been recommended lor taltlc 
ringworm by several authors Capun* 
mdiloromcthyl - 1 -qclolicxinc I 2-di£ar 
boximidc) and 1‘hcnicrol^ I 500 have also 
been recommended for bovine nnswoim 
by Jlocrlcin (I95C) and Fox (IOjU) 
nu^ht be tried in the discavc m sw/ne 


•CjJitwuWa 5{ rtf Chemlai Coajj jny 
D4vi» aim! Cutaiuiif 
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FIG. 26.2— Spores of ecto- 
ihrix type along guinea 
pig hair. Trichophyton men* 
lagrophytes. X 475. (Cour- 
tesy Dr. Lucille Georg, 
U.S P.H.) 








IMMUNITY 


There is some evidence (Kial, 1953) of 
at least a local immunity developing at the 
site o£ a previous ringworm infection ol 
animals. In speaking of humans, Beamer 
(1955) states, 


lesion has completely healed. 
posts or trees used by the pigs should he 
thoroughly scrubbed with strong soap and, 
when dry, painted with tincture of iodine. 


Pityriasis Rosea 


In general, die serums of pauents with d™-' 
tomjcoses contain no demonstrable antibc^ira. 
but Wharton and his associates h»ve demon- 
strated precipitans in the serums of immunized 
rabbits. Failure to demonstrate 
antibodies in patients may mean tha 
formed in sudi superficial infections, 
antigens, which are extremely difficult to pre- 
pare and standardize properly, may not oe 
sufficiently sensitive 


EPIZOOTIOIOGY AND CONTROL 

Glasser ei al (1950) quote Schindelka ^ 
indicating that ringworm m catUe wm 
spread to swine. These same autliors s 
that Magnussen artificially infected a pig 
with ringtvorm fungi obtained trom a 
horse. 

The disease spreads readily between pigs 
once the condition is established in lose 
animals. Affected animals should be 
lated as soon as detected and unti 


This is a ringworm-hke condition of 
resembling pityriasis rosea of man The 
cause of Uie condition in man or animals 
is unknown (Krai, 1953). A description of 
the disease is included here for comparison 

"'ciwcuTsa^. This is primanly a dtoc 
of young pigs. It may be seen in inividual 
animals or in whole litters. At th^ 
of the condition digestive disturbances such 
os inappetence, vomitlon, and dttttrh^ 
may be seen. After the appearance of the 
sUn lesions these symptoms cease. Tn^c 
lesions begin as pea sized “''8'’'^^ 
ened red spots which often coalesce to 
form nodules. The spots are depressed m 
the center and covered with a I'™"" ''’"; 
drull and scab. This material is too" '“I 
from the center of the lesion but remaim 
at the periphery which enlarges. These 
rJisS peripheral swellings form tor.uous 
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FIG. 26.3 — Young pig affected with Pilyiiasls 
rosea, a condition clinically resembling ring* 
worm. (Courtesy Prof. E. A. McPherson, Royal 
[Dick] School of Veterinary Studies, Edinburgh.) 

rcd-iobluc strips one half to one cm. broad 
that may co\cr large areas of the body. The 
hair is not completely removed by this 
disease process (Fig. 26.3) . 

Treatment. Gla&scr el al. (1930) indi* 
cate that the condition heals spontaneously 
in 2 or 3 uccks. These autliors also quote 
Grimm as successfully using a salve consist* 
ing of salicylic acid 5 gm., sulphur sub- 
limate 15 gm., and vaseline 125 gm. 

SYSTEMIC MYCOSES 

With the exception of actinomycosb, it 
does not appear dial liie systemic mycoses 
arc of ccononric importance in this country. 
References on the subject from abroad also 
arc meager. The most amazing thing about 
sjstcttjtc mycotic diseases of swine is that 
they arc so rare. In exhaustive review- 
articles h) Saunders (1918) attd Bcnckc 
(1953) tltc fonner noted only 6 ri|x>rii of 


systemic mycoses, 5 of which were from 
abroad. Beneke added no cases not r^ 
ported by Saunders. The proceedings of 
a conference on histoplasmosis (1952) con- 
tains no reference to the disease in suine. 
Due to tlie rooting habits of swine, it 
would seem tliat tliese animals would have 
ample opportunity to become infected in 
endemic areas. 

Acllnomycosis 

References on actinomycosis of swine are 
not difficult to find in the veterinary liter- 
ature; Jiow’ever, cultural identification is 
usually lacking. Vawter (1946) states, “In 
spite of ilie many reports intimating that 
A. bovts, or a variant thereof, occurs in die 
actinomycotic lesions of swine, search of 
many papers has not revealed any detailed 
cultural description of tJie swine type oUwr 
than that given by Magnussen.” The clin- 
ical diagnosis of actinomycosis is placed on 
many fibrous enlargements of sw'Ine, espe- 
cially those of the udder, that are in fuf* 
caused by AeltnobacHlus lignieresi, Mtero' 
cocfiw sp. (botryomycosls) or Cor)tiel/ac‘ 
terium pyogenes. 

Etiology. True actinomycosis is caused 
by Actinomyces bovis. Tiicrc is a jjopul^j 
misconception that this organism is found 
on grass or awns. Actually, it is a sapro- 
phyte of the oral cavity and, when found 
on vegetable particles in lesions, it 
gained .access to the tissues by njeclmnif^ 
transference (Skinner et al., 1917)- ftuc 
cascsof actinomycosis of the udder of swine 
are rare and probably caused by tooth 
wounds by nursing pigs, or by mcdianicai 
injury by straw, etc., cont.iiiji»3tcd witi» 
wliv.a containing Actinomyces bovis. Ih^ 
occurrence of lesions in tlic spleen, hvrt, 
and kidney suggests the |x>ssil)ihiy of s)* 
tcmic infection of the udder. All of 
sites probably become infected by niCi-^’ 
tasis from tlic digestive tract or lungs- 
'1 he organism is .anaerobic or n>icroacr‘>‘ 
phillc and difficult to isolate and luaiui-**'* 
in culture. i*us or a gr.imjfc from a lesion 
can be used for culture. The material 
be platcil on vcalhvrr vetum agar 
and inoculatcvl u»to deep agar vhalc <w 
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lures as recommended by Vawter (19-16). 
Skinner et al, (1947) recommend veal in- 
fusion agar pH 7.4 containing 1 per cent 
glucose as the most satisfactory medium 
for primary isolation. Vawter (1946) also 
recommends serumized media, deep col 
umns of glucose veal-Iiver broth containing 
0.05 per cent agar and cooked meat me- 
dium with sodium thioglycollate. This fun- 
gus will not grow on Sabouraud’s medium. 
Cultures should be transferred every 14 to 
21 days. If kept at 5° C. in buffered cooked- 
meat medium they can be transferred every 
2 months. 

Acid without gas was formed by Vawter's 
(1946) swine strain in glucose, levulose, 
galactose, maltose, lactose, sucrose, treha 
lose, raffinose, dextrin, inositol, salicin, 
glycerol, and inulin. The reaction was de- 
layed 7 days in the case of inulin, inositol, 
ralTinose, and salicin, and 14 days for glyc- 
erol. Substances not fermented were arab- 
inose, mannite, dulutol, xylose, rhamnose, 
and sorbitol. Fermentation was determined 
by withdrawing a small amount from the 
tube and testing with bromthymol blue on 
a porcelain plate. 

The organism is very pleomorphic, vary, 
ing from long, branching hyphal forms to 
rods of various sizes — diphtheroid, hyphal. 


or coccus forms. These are usually Gram- 
positive but may have a beaded appear- 
ance. They are not acid fast. 

The pus from actinomycotic lesions usu- 
ally contains granules that are yellow-to- 
brown calcareous structures. These arc tlie 
so called “sulphur granules," wliicli are of 
diagnostic importance (see Diagnosis) . 
These radiating clublike structures stain 
Gram-negative. 

Clinical signs. This chronic disease in 
swine usually involves the soft tissues, and 
as Vawter (1946) indicates, ". . tends to 

follow a pattern of tissue localization some- 
what analogous to actinomycosis in man, 
wherein pulmonary, adenocervical, or skin 
lesions may appear.” 

Internal lesions in swine will result in 
slow weight gams or weight losses Uiat may 
or may not be noticed by the owner. Should 
the organism localize in the udder or skin, 
a gray, hard, granulation tissue will be 
formed around the lesion, whicli will be 
easily delected. Sucli lesions of the udder 
attain considerable size, becoming pendu- 
lous and sometimes hanging to tlic ground 
(Fig. 26.4). 

PaUioIogical changes. Miaoscopically, 
Sniiiii (1953) describes the lesions as con- 
sisting of the ray fungus in the center, sur- 



FIG. 26 4 — Aciinomycotlc- 
lyp« (aitont of uddtr of a 
tow. Most lesion* of ihi> 
nature are caused by Mi- 
crococcus ipp. (batryom^r^ 
costs), Actinoboclllus spp., 
or Corynebocierium spp. 
roiher than Acllnomyte* 
bovls. (Courtesy Or. E. K. 
frank, IConsat Store Cot* 
lege.) 
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rounded by a zone o£ pus containing living 
neutrophils. Next is a zone of endothclioid 
granulation tissue. Lymphocytes and scat- 
tered Langhans’ giant cells may be in this 
area. A fibrous capsule surrounds tlic cn- 
dothelioid zone. Calcification of ilie ro- 
settes (ray fungi) may occur, but caseation 
is not seen. The granuloma may be made 
up of a confluence of sucli structures. 

Diagnosis. Differentiation of tlie causes 
of these lesions is probably only of aca- 
demic interest to the practitioner. He will 
be able to distinguish between uncompli- 
cated cases of actinomycosis, actinobacil* 
losis, and botryomycosis (micrococcosis 
[staphylococcosis]) infection on the basis 
of morphology and staining cljaracteristics 
of organisms found in smears. Actinomyco- 
sis is caused by Gram-positive organisms 
while actinobacillosU organisms are Gram- 
negative. The micrococci causing botry- 
omycosis are Gram-positive and have the 
characteristic coccoid and often “grape 
cluster’’ appearance. 

All of tliese diseases on occasion will pro- 
duce granules in the pus. These are help- 
ful in differential diagnosis. To aid in find- 
ing them, the pus can be diluted with 10 
per cent potassium hydroxide and poured 
into a Petri dish, or as Hagan (1943) rec- 
ommends, the pus can be placed in a tube 
of broth or saline and shaken to dissolve 
the mucin holding the material together. 
Then it is poured into a dish, and the gran- 
ules, which do not dissolve, are selected. 
These are crushed and used for culture or 
staining- 

Treatment. In surgically accessible areas, 
removal of the granuloma, together with 
intensive treatment with parenteral peni- 
cillin-streptomycin and intravenous sodium 
iodide, is recommended. Only in the case 
of valuable breeding animals will treatment 
be economically feasible. 

Immunity. Mathieson et al. (1935) have 
suggested that actinomycosis does not re- . 
suit from tlie first invasion by the causative 
organism, but by repeated exposures which 
sensitize tire host to actinomyces. In tWs 
way it would be similar to infection with 
Coccidioides immilts. In swine there is little 


opportunity to determine if immunity de- 
velops, as these animals seldom have a 
chance to acquire a second infection. 

Magnusson (1928) found three serologi- 
cal types. Type A was characteristic of cat- 
tle, types B and C of swine. 

Epizootiology and control. The infection 
caused by A. bovis is not one that usually 
becomes a herd problem in swine. Vawter’s 
(1916) case involving 2 or more affected 
animals on the same farm, each of 2 suc- 
cessive years, is the only case refuting this 
generalization that has come to the autixor’s 
attention. 

Apparently this is an infection arising 
from die accidental invasion of the body 
by organisms that exist normally in the 
mouUi and tonsillar region. 

Pus from animals affected with Actino- 
bacillus lignieresi, Micrococcus aureus or 
Corynebacteriwn pyogenes Is infectious. 
Due to the difficulty in differentiating clin- 
ically between the lesions caused fay these 
organisms and actinomycosis, which is rel- 
atively noncontagjous, it is highly recom- 
mended that pus from any abscess not be 
allou’ed to contaminate the premises or 
equipment- 

The condition called “throat or cervical 
abscesses” caused by Lancefield group E 
streptococci might well be added to the 
above list and handled in the same manner. 

Mucormycosis 

Mucormycosis has received more notice 
tlian any of tlie systemic mycotic infecuons 
except actinomycosis, yet only 1 1 cases have 
been found in the literature. Nine of tii^se 
were reported by Christiansen (1929) and 
Nielsen (1929) , one by Davis et al. 
and one by Vink (1941) . Saunders (1948) 
objects to the cases described by Christian- 
sen and Nielsen on the grounds that tliey 
describe septate mycelia in a genera tliat 
is by definition non-septate. However, 
Gleiser (1953) quotes Emmons as being of 
the opinion that mucor may become sep- 
tate under certain conditions. 

In an earlier report, Christiansen (1922) 
described 2 swine cases (also included m 
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die 1929 report) that occurred at an abat 
toir ^vithin a few months of each other 
These pigs had in the abdominal cavities, 
primary mycotic granulomas, which bad 
metastasized to die lungs m one case and 
the liver m die other The nodules had a 
caseous center surrounded by epithelioid 
tissue containing giant cells and plasma 
cells This area, m turn, was surrounded 
by a dense connective tissue capsule The 
affected areas were permeated with hyphae 
and eosmophiles One pig had been mon 
bund for 8 days prior to slaughter, whereas 
the other had been normal The molds re 
covered from these lesions were identified 
as Rhizopus equinus (dianged to i? suts 
m the 1929 report) and Absidia ramosa 
These were pathogenic for rabbits, rats, 
and mice by intravenous and mtraperi 
toneal injection A macerated lung nodule 
and a pure culture of Rhizopus were m 
oculated into some pigs with negative re 
suits 

The seven cases reported later by Chris 
Hansen (1929) and Nielsen (1929) were 
caused by Absidia and produced nodules 
in the small intestine and mesenteric lymph 
nodes with occasional metastases The caus 
ative mold ivas easily recovered, and the 
histological structure of the nodules was 
similar to that described above 

Saunders (1948) refers to a case where 
Absidia corymbifera was recovered from 
the submaxillary lymph node of a pig 

Mucoraceae are such common air con 
taminants that histological evidence in af 
fected tissues should be found to support 
cultural evidence before making a diagno 
sis of mucormycosis Zimmerman (1957) 
has commented on the importance of his 
topathological examination in fungus dis 
eases 

Cryptococcosis 

A report by Vmllemin (1901) reports 
die recovery of Ctyptococcus granuloma 
togenes from a granuloma in the lung of a 
pig This was probably C neoformans 

Epizootic lymphangitis. (Zymonemo 
farcimtnosa, Histoplasma farciminosum. 


Cryptococcus jarciminosus) Oehl (1929) 
has described a case of lymphangitis epizo 
otica in a pig which he attributed to Cryp 
tococcus farciminosus His description of 
the causative agent does not permit confir 
mation A yearling boar was affected m the 
skin of the right front leg, the head, side, 
flank, and both hmd legs The right front 
leg was twice normal size Numerous nod 
ules were seen, some fistulated and con 
nected with each other by enlarged lym 
phatics The regional lymph nodes con 
tamed small purulent foci The lungs had 
numerous pea to bean sized abscesses that 
contained a yellow, creamy pus There were 
no infected horses on the farm, and the 
source of the infection was not traced 

Montiiasis (Candida, Oidium, Thrush) 

Kovalev (1947) reported moniliasis m 
young pigs that were affected m the nose, 
gums, and lips, with swelling of the upper 
jaw and accompanied by a foul odor The 
causative agent was identified as Otdium 
albicans (Monilia albicans) The organ 
ism 15 said to produce a systemic toxin in 
addition to local necrosis Affected pigs be- 
came emaciated rapidly and died 
Quin (1952) described cases of alimen 
tary mycosis, involving areas from the 
esophagus on through the digestive tract, 
that appeared in pigs on excessive or pro 
longed intake of antibiotic residues The 
clinical picture varied, some droves devel 
oping persistent scouring, encephalitic 
symptoms, and excessive thirst, ivith a van 
able death loss At necropsy tliese pigs liad 
pigmented patches on the mucosa of the 
digesuve tract resembling pseudomem 
branes that were 1-2 mm duck, mostly in 
the small intestine In one drove, a pig 
was seen in ivhicli die entire intestinal 
muoisa ivas hidden by a gray-colored mold 
growth A pure culture of MoniUa was re- 
covered from a piled up inflammatory fun* 
gus lesion diat occluded die esophageal- 
gastric junction When die pseudomem 
branewas pulled off, die undcrl>ing tissue 
saricd from red to black m color 

Furdier trouble and losses ceased when 
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antibiotic intake was stopped in these 
herds 

Quin (1957) has also recommended a 
treatment consisting o£ a solution of 1 lb 
copper sulfate in 1 gal water, of which so 
lution one pint is mixed with each 25 gal 
drinking water for 6 to 8 days 

Aspergidosis 

Saunders (1948) quotes Wyssman as re 
porting a case of aspergillosis in a pig, pre 
sumably located in the lungs 

Spindler and Zimmerman (1945) have 
reported the recovery of an unidentified 
species of Aspergillus from ground up sar 
cocysts (Mieschers sacs) Confirmauon of 
this work 15 lacking 

Maddy (1956) quotes Thornton as 
pointing out that in the United States 90 
per cent of garbage-fed hogs have sarco 
cysts, whereas only 15 per cent of others are 
affected 

Sarcocysts are often visible macroscop 
ically, especially if calcified, however, they 
are usually microscopic m size They are 
present most frequently in the abdominal 
and diaphragmatic muscles of swine In 
festation may be severe enough to cause 
condemnation of an entire carcass 

NocardiQ 

Emdin (1954) reported the isolation of an 
“asteroides ’ sp from granulomatous lesions 
of the lungs, kidneys, liver, and spleen of 
an 8 montli-old barrow, m good condition, 
that was presented for routine slaughter 
The lesions were cultured and material in 
jected into guinea pigs Lesions of die Jung 
and spleen, similar to those of die bog, 
were produced The fungus was reisolated 
from these guinea pig lesions Nocardia are 
acid fast, aerobic, cosily culiivatablc or- 
ganisms tliat are patliogenic for man 
Great care should be taken not to inhale 
spores from uncovered Petri dish cultures 


Cultures can be handled more safely if 
carefully flooded with sterile mineral oil 
prior to transfer 

General Considerations 

Granulomatous lesions caused by fungi 
are rare and will be found most often at 
necropsy The question facing the prac 
titioner finding internal lesions will be, Is 
this tuberculosis? If desired, he can make 
a smear from material at the edge of the 
caseous center and stain with Kin)ouns 
acid fast stain, which has the advantage of 
not requiring heat as does the Ziehl Neel 
sen Siam The formula is as follows 
Basic fuchsin 4 gm 

Phenol crystals 8 gm 

Alcohol (95 per cent) 20 ml 

Distilled water 100 ml 

Smear on a clean slide the material to be 
examined and apply Kinyouns stain for 
three minutes Wash with water and de 
colorize with acid alcohol (2 ml cone 
HCl in 98 ml of 95 per cent alcohol) un 
til no more color comes out Wash in water 
and counterstajn with J per cent aqueous 
methylene blue Wash wiUi water, dry, aim 
examine under oil immersion for red (acid 
fast) organisms, otliers will be blue Hy 
phai elements may or may not be seen m 
these smears if a fungous disease is pres 
ent If the search for acid fast organisim 
IS negative, a portion of tlie lesion (includ 
ingalJ parts from the caseous center to the 
normal tissue) should be placed m 10 vol 
umes of 10 per cent formalin and sent co a 
laboratory for histopathological examina 
tion, wiUi the request that routine, acid 
fast and fungous stains be einplojed An 
otlier portion should be sealed in a pla*nc 
(deep freeze) bag and placed m crackc 
ice or dry ice for shipment to a laboratory 
for cultural examination The history ac 
companymg the specimens should indicate 
tlie nature of tiic lesions and suspected elm 
ical diagnoses 
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External Parasites 


In Nortli America, the economically im- 
portant external parasites of swine are rela- 
tively few in number. Lice and mange mites 
are the principal ectoparasites that affect 
hogs, though other arthropods have been 
reported as pests of s^vine. 

Parasites that live on the body surface 
of their hosts are usually termed external 
parasites or ectoparasites. For most species 
this distinction is satisfactory, but in the 
case of mange mites which burrow beneath 
the skin surface and may spend a part of 
their life cycle internally, the term may be 
misleading. All external parasites of swine 
belong in the phylum ARTHROPODA. 
This is a very large phylum of the animal 
kingdom. The parasitic species of impor- 
tance to domestic animals are either insects, 
ticks, or mites, although a few species of 
Crustacea act as intermediate hosts for 
some helminths. 

The phylum Arthropoda contains those 
invertebrates that have jointed legs. The 
members of one class known as the IN- 
SECTA are characterized by a body di- 
vided into three pans: (1) a liead which 
bears a pair of antennae, (2) a thorax with 
3 pairs of legs and often 2 pairs of wings, 
and (3) an abdomen whidi usually has 
no appendages. This large class indudes 
parasitic insects suclr as flies, fleas, mosqui- 
toes, lice, and many oUier species not para- 
sites of domestic animals. 

Another large dass of anliropods con- 
taining parasiuc forms of importance to 


swine are the ARACHNIDA. This group 
is distinguished by having a cephalothorax 
and abdomen, the former bearing 4 pairs 
of legs in the adult. No antennae are pres- 
ent Parasites of importance to swine in 
this group are the mites and ticks. 

lOSSES DUE TO ARTHROPOD PARASITES 

Depending on the habits of the species 
concerned, symptoms and lesions due to 
ectoparasites are quite variable. Most of 
tile important external parasites attacking 
swine are permanent parasites which live 
on the skin surface or just below it- By 
piercing the skin they feed on blood or 
tissue fluids. In the case of lice and mange 
mites, they are so dependent upon their 
host that, if removed, they rvill die in a 
short time. In addition to those ectopara- 
sites which are injurious because of tlieir 
parasiuc habits, there are tliose that may 
be carriers and transmit disease-producing 
organisms. Others cause sufficient irritation 
that secondary bacterial invasion occurs 
with resultant skin infections of various 
kinds. The majority of ectoparasites cause 
some degree of irritation to tlie skin sur- 
face. Infested animals spend a considerable 
part of their time aitempu'ng to alleviate 
the irritation by rubbing, scratching, and 
moving about restlessly. Feeding and rest- 
ing periods are interrupted and, if tlie 
nutritional level of tlic animal is reduced, 
the resistance of the animal will be lowered 
and it may become more susceptible to 
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other diseases As a result o£ the excessive 
imtatioa due to ectoparasites, acadental 
injuries may occur as the animal attempts 
mechanically to relieve the irritation 

DIAGNOSIS AND CONTROL MEASURES 

As a general rule, diseases o£ swine caused 
by arthropods are fairly easy to recognize 
In the case of the lice, ticks, and fleas, the 
parasites can usually be seen grossly Mange 
mites are not easily observed with the 
naked eye, the diagnosis should be con 
firmed by tlie use of a microscope for 
demonstration of tlie mites 
The most important point m a diagnosis 
IS die correct identification of the speaes 
concerned so that appropriate control mea 
sures may be recommended The life his 
tones of ardiropods vary to a great degree 
within species EfTectise control can be ac 
comphshed only i£ die habits and life his 
lory of the parasite are properly under 
stood 

The ideal mcdiod of ectoparasite control 
IS complete eradication Widi the newer 
insecticides now avadable and wttfi dieir 
high efficiency, control of many species is 
more cosily accomplished than it was in 
the past Control measures should aim at 
eradication or reduction of numbers and 
protection of die animal against furdier 
infestation 

General sanitation of pens and yards is 
always of importance Proper drainage and 
manure disposal grcatl) aid in fly control 
Good husbandry and feeding practices will 
aid m minimizing the dianccs of parasitic 
infestation and in reducing losses due to 
parasites Sucli practices together wiUi the 
use of appropriate insecticides, isolation of 
new animals entering a herd, and good 
mamgement practices should clinimatc 
losses and reduce damage due to cctopara 
sites 

THE HOG LOUSE (Haemotopinus svfs) 

I he pig is unusual m that it is not the 
host of mail) different species of true in 
iccis (class INSECTA). Though fleas, 
flics, 11) Ian ii. and uiostjuiiocs arc reported 
as infesting sumc, the Jiog louse is the in 


sect most commonly found on swine and 
in any locality where swine are raised It 
belongs to tlie order Anoplura, suborder 
Siphunculata, the members of which are 
equipped with sucking and piercing mouth 
parts 

One species of louse, Haematopinus sms, 
(Fig 27 1) occurs on swine It is most fre 
quently seen around the folds of skin of 
the neck and jowl, around the base and 
inside of the ears, on the inside of the legs, 
and on the flank This is the largest o£ the 
lice found on domestic animals In color 
It IS grayish brown with brown and black 
markings The female is from 4 to 6 nun 
m length, the male being slightly smaller 
in size 

According to Florence (1921), the eggs 
are laid one at a time and attached to tlie 
hog bristles by a clear cement When laid, 
the egg is a pearly white but gradually 
becomes more opaque and finally appears 
light amber in color A female may lay 
from 3 to 4 eggs per day, which hatch m 



fiC 37 1 — Haamoloplnut thff hap loui* 
(from Whileheocf, 1943. Mocdonold Coti*9^ 
Form Butifiln No 7 ) 
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12 to 20 days, during her lifetime she m^y 
lay up to 90 ova, which are deposited over 
a period of 25 days After hatching m 12 
to 20 days the nymphs undergo 3 moults, 
during which lime they feed on the more 
tender parts of the pig s body such as tlie 
inside of the ear The life cycle from egg 
to egg IS from 29 to 33 days and the aver 
age life span is about 35 days Like other 
lice, they do not leave their natural host 
and they cannot live off the host for more 
than 2 or 3 days When hungry, this 
species will feed on human blood if per 
mitted to do so 

Since lice feed frequently, the continual 
puncturing of the skin to suck blood and 
lymph gives rise to considerable irritation 
Jn severe infestations the constant jrnra 
tion and itching induces the pig to seek 
relief by scratching and rubbing vigorously 
against any available object This leads to 
skin laceration, bleeding, and a concentra 
tion of hce around the traumatized areas 
As the louse populauon increases, the hogs 
become restless, do not feed properly, be 
come unthrifty, and fail to make normal 
growth and weight gams A general lower 
ing of vitality and resistance make thenj 
more susceptible to attack by other para 
sites and contagious diseases It is generally 
considered that the hog louse is the trans 
mitting agent of swine pox virus Schang 
(1952) has observed, over a period of years 
m the Argenune, that swine pox does not 
appear without Haematopinus sms and 
that the disease is easily carried from a£ 
fected to unaffected pigs by this agent 
Since H suis is die only sucking louse of 
swine m North America, its presence on 
hogs will suffice for a satisfactory identifi 
cation 

Control of the Hog Louse 

Since die hog louse is a permanent pari 
site and is spread by contact, control 
methods are directed toward louse de 
struction on the host. 

Prior to the development and wide use 
of ihc dilonnaicd hydrocarbons many 
oily preparations were used for the control 
of dus pcsL Crude petroleum oil, crank 


case oil, and other processed oily materials 
were applied by hand, by the use of hog 
oilcK or rubbing posts, and by means of 
medicated wallows Hand applications, 
rubbing posts, and hog oilers are useful 
for keeping louse infestations m check, but 
as a general rule diey cannot be relied 
upon for the eradication of lice 

The instinctive habit of die hog to wal 
low in water may be used to advantage in 
louse control By the use of oil in well 
constructed and maintained wallows, satis 
factory control may be accomplished with 
a minimum expenditure of money time 
and labor Kemper and Peterson (1955) 
give an excellent description of the con 
struction of hog wallows, their mainte 
nance and usage 

Dipping of hogs IS a most effective 
method of treatment but in many areas 
dipping vats are no longer available The 
widespread use of power sprayers on farms 
has introduced a convenient method of 
applying insecticides to animals and if done 
thoroughly, effective control can be ac 
comphshed Spraying equipment may be 
moved readily from place to place, which 
IS easier than taking hogs to a central dip- 
ping vat A disadvantage of the spraying 
method is the chance of not getting com 
pleie coverage of the hogs m dipping 
complete coverage is assured. However if 
hogs are sprayed in small groups and con 
fined in a small pen with deep straw bed 
ding a thorough spraying can be carried 
out In addition to the complete coverage 
of the enure body, it is important Uiat die 
inside of the ears be treated All animals 
in a herd must be treated 

Ills well to keep m mind that oil treated 
animals should be provided with shade or 
preferably, should be ireaied in late after 
noon or early evening If allowed to run 
in direct sun inimedjaiely after treaimcni, 
white skinned breeds especially, may be 
come scalded and blistered 

The chlorinated ladrocarbons have be 
come widely used for control of hog lice 
When used as dips and sprays, Cobbcit 
and llushland (1956) state that benzene 
hcxaclilonde (BHC) and lindane should 
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contain 0 06 per cent of the gamma isomer 
— the latter is the active insecticidal prm 
ciple DDT should be used at a strength 
of 0 75 per cent whereas dips or sprays 
prepared with chlordane or toxaphene 
should contain 0 5 per cent of either ^emi 
cal 

These insecticides will kill all tlie lice on 
the hogs and in view of their residual ac 
tion most of tlie young hce hatcliing after 
treatment will succumb However, there is 
always the cliance tliat a few late hatching 
lice may survive the original dipping or 
spraying A second application 10 to 14 
days after the original treatment is recom 
mended 

It also should be kept m mind that die 
chlorinated hydrocarbon insecticides are 
deposited to a variable degree in the tis 
sues of animals to which they have been 
applied It IS recommended diat hogs 
should not be treated 30 days prior to 
slaughter Since diere is always a possibility 
that hog hce or their eggs may have be 
come separated from their host, infested 
premises should be cleaned and disinfected 
before clean hogs are admitted New am 
mals being added to a herd should be 
quarantined and examined for hce, con 
irol measures should be taken if necessary 

HOG MANGE 

Mange in swine is a skin disease caused 
by mites Two types of mange affect pigs, 
one caused by Sarcoptes scabiei var jki-j 
whicli is a burrowing raite, the other is due 
to Demodex phyllotdes whidi inhabits the 
hair follicles or sebaceous glands Botli 
species belong to the pliyluiu ARTHRO- 
I’ODA, die class ARjVCHNIDA, and to- 
gether with the ticks are placed in the 
order Acarina The most common type of 
mange in the United States is sarcopiic. 
Dcmodcctic, or follicular mange is less 
frequently seen 

Sorcoptic Mange 

The causatnc agent of sarcoptic acana 
SIS is die iiuie known as Sarcoptes scabiet 
\ar This type of mange is widely dis 
inbuied and » one of the troublesome 


conditions with which swine growers haie 
to contend It is most frequently encoun 
tered in parts of die country where the 
hog population is concentrated such as 
the Corn Belt area of the United States 

Morphological differences between die 
species of Sarcoptes found on man and 
domestic animals are very slight Eacli is 
regarded as a variety of the form Sarcoptes 
scabiet Most of die varieties can be trans 
ferred from one host to another and the 
variety sms may establish in the skin of 
man Usually they live only for a limited 
time on unusual host animals, but during 
this time they may give rise to an annoying 
and a serious dermatitis It appears that 
there is a considerable degree of host speci 
ficity within this genus of mites, and prob- 
ably biological races exist 

Mange mites spend their entire lives on 
the host animal Sarcoptic mange mites are 
burrowing forms living m galleries or tun 
nels m the horny layers of die skm They 
are minute in size, roughly circular in out 
line, whitisli gray m color, and scarcely %in 
ble to the naked eye They are about 0 5 
mm in length The cuticle of die upper 
surface of die body is sculptured with fine 
wavy transverse folds or lines In the fe 
male (Fig 27 2) numerous, short, ba^ 
ward projecting spines may be seen on the 
dorsal surface 

The mature mite has 1 pairs of short, 
stumpy, thick legs which are provided with 
sucker like organs at die tips of long un 
jointed pedicels on die first 2 pairs of leg* 
in the female and die first, second and 
fourdi pairs in the male (Fig 27 3) Odicr 
legs terminate m long bristles 

The life history of this mite require 
further detailed study Lapagc (1956) 
states that die life cycle is not complctt-I) 
known However, it is probable that U 
similar to that of S scabtet in man A new 
host probably is infested by an ovigcroui 
female v>hich penetrates the skin and v»orks 
tovsard the horny lajcr (stratum corncum) 
of die skin Egglajing proceeds as die 
female burrov\s The eggs arc oval in shajic 
measuring 0 15 by 0 1 mm , and 2 or 5 arc 
laid daily over a jicnod of about a iiionUi 
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FIG 27 2— SaKQpt«s scabiei the torcoptic mange mite Femole left, der»el view right* 
venfrol view (From Selding* J952 Textbook oF Ctlmcel Porositoleg/ Courtety Appleton 
Century Croft** Inc.) 


After laying 10 to 50 eggs tlie female tlics, 
she may usually be found at the end of a 
tortuous tunnel from 0 5 to 3 0 cm m 
lengtli The eggs haicli in about 5 da)s and 
tlic lar\ac ciilicr remain m ilic parent tun 
nels, escape and svandcr back, to die skin 
surface, or make nctv burrous The larvae 
transfonn into tlie nymplial stage, moult, 
and, finally, pubescent males and females 
arc produced Mating occurs either iii the 
moultjiig Jackets or near the sktn surface, 
whereupon the ovigcrous females start out 
to make nevN burrows The complete life 
cycle from egg to ovigcrous female may be 
completed in 10 days, though die average 
I>criod IS probably from 11 to 15 days 
Although the nines do not reproduce ex 
cept when on the hose itself, they can Inc 
for 2 to S weeks when removed from hogs, 
hggv or mites that become dislodged and 
<lrop 111 moist protected places may remain 
viable for 2 to 1 weeks in mild weather 
Ihcy aic, however, very susceptible to dcs. 
iccaiiuii and if in <Iry surroundings and 


exposed to direct sunlight, it is unlikely 
that ilicy will survive more than a day or 
so 

Swine usually become infested vvith 
Sarcoptes by direct conlicl wiUi infested 
animals However, infestation may ocair 
when dean hogs arc placed in pens and 
yards where infested swine have recently 
been kept The possibility Uiat hogs may 
pick up the mite from contaminated prem 
iscs should be kept m mind it all times 

All types, breeds, and ages of swine arc 
suKcptiblc to sarcoptic tnange, though 
well fed, healthy, and vvcll eared for ani 
mals seem to have considerably mote resist 
ance to the devastating effect of the para 
sue than do umhrifty antmali 

Ihc first lesions of sarcoptic mange are 
usually seen around the snout, eyes, cat*, 
or any place where the skin it tender and 
tile hair is liitn in older pigi, leiioni arc 
fic(}ucnUy seen around the cars. tad. and 
on the inside of the hind legs, in tlie re* 
gton of the groin and ihoiddcr put. hom 
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FIG 27 3 — Sarcoptes scabiei, the sarcoptic 
mange mite Male, ventral view (From Beldmg, 
1952 Textbook of Clinical Parasitology Cour> 
tesy Appleton Century Crofts Inc) 

these areas the miles spread and multiply 
until large areas of die skm become m 
\olved The period of development of le 
sions is extremely variable They may be 
observed 6 weeks after die original e\ 
posure, or a much longer period may 
elapse before their appearance 
As a result of the sensitization of die in 
fested animal, considerable irritation, itcli 
ing, inllammation, and siselling of the us 
sues occurs The intense itching causes the 
animal to scratch and rub vigorously 
Scratching liberates the tissue fluids from 
the small vesicles around the burrow of the 
mile This scrum coagulates, dries, and 
forms crusts on the surface of die skin Ex 
ccssivc kentinizaiion and proliferation of 
connective tissue occurs, vvidi the result 
lint the skin becomes greatly thickened 
and wrinkled The thickened area becomes 
dirty and frequent rubbing of die hard 
scabs may give a glistening leathery ap- 
pearance to the skin In advanced cases, 
the heavily scabbed areas may crack, blood 
and serum may ooze out, and an offensive 
odor may be noted from diesc moist Ic 
sions 

One attack of the disease docs not seem 
to confer any immunity since cured am 
mals may readily become rcmfcsicd if ex 
posed to mangy hogs 


In these times, when the dermatites of 
swine are being studied extensively, it is 
most important that a correct diagnosis of 
mange be made A positive diagnosis con 
sists of the demonstration of the mange 
mites since they are the sole cause of the 
disease This is often difficult to accom 
plish, especially in the early stages of the 
disease or in longstanding chronic cases 
where the skin is wrinkled into deep folds 
and IS leathery in appearance 
To demonstrate the mites, deep skin 
scrapings should be taken with a blunt 
edged scalpel The scraping should be 
sufficiently deep so that blood oozes from 
the traumatized area The scrapings are 
examined m sunshine or under artificial 
light by use of a low power magnifying 
lens A better method of examination is to 
transfer the scraping to a glass slide, add 
1 or 2 drops of mineral oil or 10 per cent 
solution of sodium or potassium hydrox 
ide, crush the scraped material witli the 
flat side of the scalpel, spread the macerated 
material thinly, drop on a cover glass and 
systematically examine under tlie lower 
power of the compound microscope For 
greater concentration of mange nutes, skin 
scrapings may be allowed to macerate 
overnight in 10 per cent solution of soi 
lum or potassium hydroxide The materia 
IS concentrated by centrifugation, washed, 
and recentrifuged The sediment m the 
centrifuge tube is examined for the pres 
ence of mites 

The demonstration of sarcoplic iniics is 
not easily accomplished They are more 
likely to be found if scrapings are taken 
from areas around die margin of recent le- 
sions where die nutes may be actively at 
work and niigraiing to new areas. If 
lesions are present, the nutes often ms) 
be more easily demonsinied from this area 

Demodectie Mange 

A minute mile known as Demodex fol 
bcutorum v ir suts or Demodex fdiyllotdes 
is the cause of dcmodcctic mange m swine 
riie species Demodex folliculorum m 
eludes varieties that arc found on man, dog. 
sheep, goat, and other maminaluti liosti. 
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The disease produced by this raite is te 
[erred to as follicular or demodectic mange 
Records of distribution of this parasite are 
few, as die symptoms of demodectic mange 
in swine are not marked A diagnosis of 
this condition is seldom made 
These mites pass their lives m the hair 
follicles and sebaceous glands of the skin 
The closely related variety of Demodex in 
the dog has been found m the lymphatic 
glands and it has been suggested that this 
parasite spends part of its life cycle in die 
blood stream or internal organs 

The demodectic mites are minute in 
size and usually measure about 0 25 mrn 
in lengdi (Fig 27 4) They have an elon 
gated normhke body divided into head, 
thorax, and abdomen the thorax bears 4 
pairs of short stumpy legs The eggs are 
spindle shaped As with a great many of 
the mites the life cycle is not fully known 


FIG 27 4 — D*mod«x phylloidai, th« demodK 
t«c monga mlia Famota tafJ, doftol vtawj nghf, 
vcntrol view (From Hir»l, 1922 Briiiih Mw»#vm, 
Economic Sarlat No 13J 


When present in small numbers, diese 
mites do not seem to cause the animal much 
inconvenience Howeser, swine in a poor 
state of nutrition seem to alJou an increase 
in the mite population which may give 
rise to uell marked skin lesions The infes 
tation usually is noted first in areas ivhere 
the skin is soft and of fine texture such as 
around the snout and eyelids From dicse 
foci It spreads gradually to die underside 
of the neck, down to die abdomen and to 
the inside of die legs At first the skin be 
comes reddened and the affected areas be 
come scurfy and scaly In later stages of 
the disease small hard nodules appear on 
die skin surface, ranging in size from a pm 
liead to a pea As the condition progresses 
the nodules may rupture and yield a thick 
creamy pus or dieeselike material in ivhicli 
mites usually are found Tuo or more 
nodules may become confluent which up 
on rupture, lea\e small suppurating caM 
ties 

As in die case of sarcoptic mange a posi 
tive diagnosis is made by die demonstra 
tion of die demodectic mange mice This is 
iccomplished by the examination procc 
dure suggested previously for sarcoptic 
mange 

Control of Hog Mange 

l/ntif recent years die control of sarcop- 
tic mange in swine has been a problem 
TIic biology and habits of Sarcoptes scabtet 
make it difficult to combat these forms uidi 
an cffecUNC acancidc Sarcoptic mange is 
not easily eradicated To be effective 
treatments must be applied widi extreme 
Uioroughncss Since current ircaimcnis for 
mange and hcc are quite similar, die a[>- 
plication of pirasitictdcs for the control of 
mange will usually take care of the louse 
infestation 

As listed by Cobbcit (1956), the mcili 
ods used commonly for die treatment of 
mange are dipping spraying mcdicjtctl 
stallows, medicated bedding hog oilers 
and hand applications. The use of ihc last 
three mentioned may tcm|«rarjly check 
the spread of mange but they ate not 
wholly effective in its eradication 
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The older treatments consisted o£ the 
application of oily materials and hmesul 
fur solutions However, the newer series of 
chlorinated hydrocarbons such as benzene 
hexachloride (BHC) , lindane, and chlor 
dane in the form of wettable powders and 
oil emulsions are now widely used and 
have proved highly effective in controlling 
sarcoptic acariasis For detailed descrip 
tion of the use of oil preparations medi 
cated wallows, construction of dipping 
tanks, and dipping procedures, the reader 
IS referred to Kemper and Peterson (1955) 
For the control of mange using a clilorin 
ated hydrocarbon dip or spray, the recom 
ied concentration of gamma isomer of 
r>7f‘nf> hexachloride is 0 13 per cent 
uane is used at a strength of 0 5 per 
DDT IS not recommended for the 
treatment of hog mange 
It IS generally considered that one 
thorough treatment using BHC, lindane, 
or chlordane will eradicate sarcoptic 
mange from swine However, in long 
standing chronic infestations when the 
skin IS thickened and encrusted, a second 
treatment may be required A second ap 
plication should be made about 10 days 
after tlie first treatment It is also import 
ant lliat all body surfaces including Uie 
skin inside tlie ears under the belly, and 
inside the thighs be completely covered 
witli the parasiticidal mixture All animals 
m a herd must be treated 

If the acaricide is applied as a spray, a 
few animals in a small enclosure should be 
treated at one time ilius assuring a com 
plete wetting of cicli indmdual Young 
hogs may be dipped manually m a tub or 
small barrel containing the acaricide 
In order to permit a spray or dip to penc 
traic the mange lesions, it is desirable to 
keep treated aninnls out of the sun and 
wind for a fc\\ hours to pcrxnic slow dry 
ing 

Because of the importance of dcinodccuc 
mange in dogs most control procedures 
ha\c been directed toward the allcsiaiion 
and eradication of ihc disease in tins am 
inal It Js gcncrall) considered that annmis 
m a state of malnuirmon arc more sus 


ceptible to this disease A period of rest on 
a high nutriuonal level with adequate vita 
mm content sliould precede treatment 

In swme no specific treatment for de- 
modectic mange is known The use of dips 
or spra)s with crude petroleum seems to 
check tlie spread of the parasite Probably 
the best recommendation for treatment is 
repeated applications of BHC or lindane 
as su^ested for the control of sarcoptic 
mange Severely infested animals and tliose 
that do not respond to treatment should be 
removed from the herd and marketed The 
premises should be thoroughly cleaned 
and disinfected before healthy swine are 
admitted 

FLIES THAT CAUSE MYIASIS IN SWINE 

Myiasis is the terra used to indicate the 
condition resulting from the invasion of 
tissues or organs of man, or animals by dip 
terous larvae 

GasUrophtltis spp According to the 
host parasite dicck list of Dikmans (1945) • 
gastric myiasis m swme due to the larval 
stages of Gasterophxlus and 

Gasterophilus hemoTrhotdaUs has been ob 
served TJie finding of an equine parasite 
in this habitat should probably be consid 
ered as an incidental or abnormal parasit 
ism 

Culcrebra spp The larvae of die rodent 
botfly, usually found under the skin of sudi 
domestic animals as kittens and puppies 
has been reported by Dalmat (1943) from 
die diroat and iradiea of swme This also 

suggestive of an accidental parasitism 

Callitroga hominivorax This dipterous 
insect, commonly known as die screw worm, 
IS an obligatory parasite of warmblooded 
animals that attacks swine TJic adult fly 
lays Its eggs on all types of v\ounds but pre* 
fers fresh abrasions of any kind Upon ih<t 
hatdmig of die eggs, a serious cutaneous 
myiasis is iminicd During the vuiucr 
mondis dm insect is confined to die v\arm 
southern chinaie of the United States «n 
parts of Texas Florida, Arizona, and 
southern California During the summer 
months the fly migrates nonius ard and 
may c\cn be found in the northern states 
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if the larval stages are transported north on 
infested animals 

The adult fly is attracted by any fresh 
abrasion such as a wire cut, scratch, wound, 
tick or fly bite, and especially to the naval 
opening in tlie newborn The extent of the 
infestation, the tissues invohed, and the 
deptli of penetration of tlie dipterous lar 
vae depend upon the number of active 
larvae and whether or not the infestation is 
treated 

The adult screw worm fly is about twice 
the size of the ordinary house fly and blu 
ish or bluish green in color The female 
oviposits masses of about 200 eggs on the 
edge of a fresh wound These hatch in 12 
to 24 hours and die tiny maggots feed as a 
colony in the fresh tissues The larvae 
complete their growth in 5 to 10 days, drop 
to the ground and pupate The pupal 
stage lasts from 7 to 10 days but may last 
for several weeks if the weather is not 
warm enough for development The flies 
emerge, mate, and are ready to lay eggs 
when 5 or 6 days old If unfavorable weath 
er conditions prevail, the time of develop 
mem of the various stages of die life cycle 
may be greatly prolonged 

A fly known as the secondary screw worm 
fly (CallUTOga macellaua) is a blowfly 
wliidi mimics die screw worm fly The 
larvae are found m swine in the same liabi 
tat as ihase nf C JiomvuvoTOx It is a sec 
ondary invader and selects deca)ing tissues 
and material upon which to lay its eggs 
The adults of both these flies ire practically 
indistinguishable on casual inspection, the 
larvae may be readily dillereniiated by i 
specialist. 

Treatment of screw worm infcsiaiions is 
iccomphshcd by die proper ind timely 
application of lanicidcs which arc not 
toxic to the infested host An old remedy 
IS the application of benzol to kill tlic 
larvae, but sucJi a procedure docs not pro- 
tect the wound from rcinfcsiaiion About 
19-10, a formulation known as Smear 62 
vtas developed by ihc Bureau of Ento- 
mology and Plant Quarantine of d»c 
UJ5 D A and was found highly effective in 
ronirolling screw worm infestations riiis 


medication will protect wounds for about 
3 days, however, it is inferior to Eq 335 
which was developed about 1950 The lat 
ter contains lindane, is less volatile than 
Smear 62 which contains benzol, and is 
more effective m diat any saewworip flies 
that return to a treated wound will be 
killed through the residual action of the 
lindane Reapplication of bodi of these 
formulations may be necessary until 
wound healing has occurred 
Prevention of screw worm infestations 
depends to a great extent on good manage 
ment practices and the use of effective and 
approved insecticidal formulations Fences, 
corrals, and equipment should be kept in 
good repair so that hogs do not suffer cuts 
minor wounds, scratclies and abrasions 
Cuts due to die milk teeth of suckling 
pigs and lacerations from rough handling 
may attract the adult screw worm flics 
Sudi procedures as castration and ear tag 
ging should be performed during the 
cooler months of the year when die screw 
worm menace is at a minimum 

If sudi reconiincndations cannot be fle 
ted into die raanagcmcnc program, all 
wounds should be treated with an ap- 
proved screw worm remedy and animals 
temporarily placed in a hospital pasture 
where diey can be examined daily and 
treated until wound Iicaling occurs 

PLEAS AFFECnWG EWTfffff 
Though lice arc fairly host specific, fleas 
are not They are not permanent parasites 
and often attack animals odter than their 
usual host- Unfed fleas may survive for 
several months off ilicir host providing 
they arc in a iiumid cnviromncnt and have 
sufTicient debris in whicJi to hide 

Bodi the human Ilea, Pu/e\ imlans, and 
die suck light flea, Fchtdnophaza gaUi 
nacea, arc known to infest hogs The sii^k 
tight flea 1$ a common pest of {xmliry m 
the southern United States but may he 
conic of great annoyance to man ami ho:»». 
The human flea is found on swinc aijd 
breeds freely in the litter of hog houK;*, 

It also may become quite a scriotii peit. 

Mcas arc wingless iiisecii v>idi laterally 
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compressed bodies that measure about 2 0- 
4 0 mm m length The chitinous exoskele 
ton IS usually a brotvn color Legs are 
long, strong, and well adapted for jump 
mg 

A blood meal seems to be essential be 
fore mating and egg production Under 
fa\orable conditions of humidity and 
temperature, and witli frequent access to 
Its host the adult flea may live for several 
mondis Tlie eggs are pearly white m color, 
about 0 5 mm m lengtli, and oval in 
shape They may be laid on the host but 
usually drop off or are laid in the host’s 
^nest or bedding The length of incubation 
« quite variable depending upon the 
^ cics and environmental temperature and 
iir 'ity Upon hatciimg, a cream colored 
maggot like larva is liberated which feeds 
on dried blood from the feces of the adult 
Ilea and on organic debris On becoming 
full grown, a cocoon is formed within 
ivhicli the larva changes to the pupal stage, 
finally the adult flea emerges The entire 
life qcle from egg to adult could be com 
pictcd in about 3 weeks under optimum 
conditions, though it is probable that tlic 
average time is considerably longer Barns 
and sheds vvhidi are used as sleeping quar 
ters for hogs may become heavily infested 
and the occupants may suffer considerably 
from the irritating bites of this insect pest 
If control measures are not adopted, sen 
ous consequences may result especially m 
aninnls that are m ill hcalUx and unable 
to care for themselves 
la attempting to control an infestation 
of fleas, It IS important that attention be 
given to the breeding places as vvcil as to 
Uic treatment of infested hogs AH bedding. 
Utter, trash, and dirt should be cleaned 
up and burned or treated so that tlic im 
mature stages arc destroyed 

On the nnimal, control may be ac* 
compUshed b) the use of in insecticidal 
spni> or powder Spri)s made up with 
BHC or lindane should contun 0 06 per 
cent of the gamma isomer, DD F should be 
used at 0 75 per cent, and chlordanc at 0 5 
per cenL tor use as a dust, several tnsccti 
Cldcs arc clfcctive For man> )cars dems 


dust has been used effectively for the con 
trol of insects In the case of swine, a dust 
of dems or cube powder containing I 
per cent rotenone should be used Since 
fleas usually move actively over the animal, 
It IS satisfactory to apply tlie dust only 
over the head and neck region and along 
tlie back Of the newer insecticides effective 
control may be obtained by using pow 
ders containing 10 per cent of DDT or 
methoxydilor or 1 per cent lindane or 5 
per cent chlordane Again it should be 
stressed that fleas cannot be controlled cf 
fectively by treating only the host animal 
— the surroundings must also be cleaned 
up and an insecticide applied to kill the 
immature stages 

For the control of infestations m hog 
pens slieds, and portable hog houses, hi 
ter should be swept up, removed, and 
burned Since DDT is highly effective in 
controlling the immature stages, a 5 per 
cent concentration should be sprayed or 
dusted over the area where the fleas have 
been propagating Chlordane at 2 per cent 
or dicldnn at 0 5 per cent may also be 
used on floors and m pens Infestations m 
yards, barns, or under hog houses may be 
controlled by dusting or spraying die ^rea 
with wcttable powders of DDT, lindane 
chlordane, or malathion Dusts arc usually 
applied at die rate of 1 or 2 pounds u> 
1,000 square feet of surface, sprays arc ap 
plied at die rate of 2 gallons of the forniu 
lation used to 1,000 square feet 

MOSQUITOES AND FLIES 
ANNOYING TO SWINE 

Mosquitoes are generally considered as 
pests of man but they also attack livestock 
causing discomfort, imtition, and, at 
times, serious losses In sevcnl parts of the 
United Stales, species of moscjuiio arc 
quite important pcsis of hogs In Florida, 
species of Aedes have been observed at 
tacking hogs m large numbers and U 
probable that other species, especially d'C 
night feeders, arc of considciable aiuio) 
aiirc to swine 

lo control this pest, knowledge of the 
habits and breeding phccs of the lame 
mtl adulis is essential Several high!) 
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fective insectiade^ are available for use m 
a control program 

The stablefiy Slomoxys calcitrans also 
known as the biting housefly or dogfly may 
cause considerable annoyance to swine dur 
mg hot weather This fly is a vicious biter 
and may feed several times daily to obtain 
blood It has been suggested that this fly 
may also serve as a mechanical \ector of 
certain infectious disease producing agents 
especially bacteria The preferred breeding 
places for this fly are wet straw manure 
and decaying vegetable matter Control 
measures should be directed toward good 
barnyard sanitation the elimination of 
breeding places and the use of insecticides 
on animals and in barns and hog sheds 
For use on hogs a synergized pyrethrum 
formulation as a water spray appears to 
give good results In sheds and barns DDT 
lindane or chlordane sprays may be used 
for effective control 

TICKS AS PARASITES OP SWINE 

As parasites of domestic and wild am 
mals ticks are responsible for serious eco 
nomic losses Not only do they cause great 
annoyance and irritation but they may 
serve also as vectors of many important 
rickettsial and protozoan diseases of man 
and animals Injury may result horn their 
bites which may become secondarily in 
fecicd from the inoculation of toxic sub 
stances or from scscre blood loss if the 
licks arc present in sufilciently large num 
hers 

Ticks are parasitic arthropods of the 
class VRvVCHNIDA and the order Aca 
R is\ They are found on a aside range of 
host animals the majority of species do 
not appear to be very host specific Sivinc 
are not generally considered as being a 
usual host for these parasites thougli several 
differeni species have been reported from 
swine in North America 

Tlicrc arc two large families of ticks 
the Kodidac known as the hard tick* 
and the Argasidac or the soft licks Sc\ 
cral species of ixodid licks have been rc- 
|)oricd as occurring on swmc in tins 
counir) *lhcy arc 


Dermacentor andersom (Rocky Mountain 
Spotted Fever tick) 

Dermacentor vanabihs (American dog tick 
or wood tick) 

Dermacentor miens (tropical horse tick) 
Amblyomma maculatum (Gulf Coast tick) 
Ixodes Ttcinus scapularts (the black legged 
or shoulder tick) 

Of die argasid or soft ticks only 2 species 
have been reported from swine 
OrniihodoTOs turicata (relapsing fever 
tick) 

Otobtus megntm (spinose ear tick) 

The body of the tick is usually oval or 
elliptical in shape and is covered wiUi a 
tough leathery integument Tliere is scl 
dom any visible demarcation between the 
cephaloihorax and the abdomen The at 
taching organ of the lick is known as die 
hyposiome which is i club shaped struc 
ture armed with numerous rows of re 
curved teeth which permit secure andior 
age for the tick The dorsal surface of the 
ixodid or hard uck bears a dorsal shield 
or scutum whidi is small in the female but 
covers almost die whole dorsal region of 
the male The scutum may be colored fur 
rowed and highly ornate m some specjcs 
There arc 4 pairs of legs provided wuh 
various kinds of prolongations and spurs 
There are 4 definite stages in the life 
cycle (].) die egg (2) die larva wlucli is 
usually known as a seed tick and has 
only 3 pairs of legs, (3) the nymph and 
(I) die adult The larval tick on hatching 
from the egg attaclics to a host and cn 
gorges with l^mph and blood \Micn fully 
engorged it moults and becomes a njmph 
wliicli has die diaractenstic 1 pairs of legs 
The nymph dien feeds on a host and whem 
fully fed vvdl moult and develop to a ma/c 
or female adult Mating occurs the aduJi 
female engorges and increases very con 
stdcrably in size Slic finally drops off the 
host and finds a secluded sjxit to lay her 
eggs she then dies Since all ticks are de- 
jicndcnt upon blood for their dc\clo^>- 
iiicnt anemia of the host will be seen if 
ticks arc present m stiificiciuly large luim 
ben. The lick saliva apjicars to l>c a local 
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irritant at die site o£ injection and may 
also be a sjstemic toxin Most animals will 
tolerate a few ticks but, if the population 
becomes large, they will try to alleviate the 
irritation by rubbing, scratching licking 
or biting Tills usually results in injury to 
die skin surface, with secondary bacterial 
invasion and the development of lesions 
and raw areas 

Tick infestations may usually be seen 
upon gross visual examination of the host 
They may be found on any part of die 
body surface but are often seen around die 
ears, neck, and flanks Treks may vaiy 
gready in size since any stages of a tick 
deselopmental qcle may be found on the 
same animal 

Tick control is usually attempted by ap 
pl>ing acancidal substances direcdy to the 
skin of infested animals If only a very 
few ticks are present on an individual, 
they may be removed manually The new 
chlorinated hjdrocarbon insecticides arc 
now widely used To a great extent, diey 
have replaced sudi insectiades as rotenone, 
niratme, and arsenic compounds which 
were m general use until about 1045 Tick 
control may also be accomplished by die 
application of acancidcs to infested 
premises and to small areas as hedge rows 
grassy plots, and small pastures Acanadal 
applications to large wooded or pasture 
areas are not practical 

The control of dicsc pests on swine 
should be carried out on a herd ba$i$ 
rormulations may be applied in the form 
of spra)5 or by dipping Treatment aims 
to destroy die tick stages on die host am 
inal and to leave residual insecticide on 
die animal to minimize rcinfcstation for 
a few weeks follovsing die application 

According to McIntosh and McDufllc 
(1D3C), toxaphcnc is the formulation of 
dioicc for die control of ticks on livestock 
Toxaphcnc is clTccuvc against all stages of 
licks It IS available as an cmulsifiable con 
ccniratc or vs citable pouder, bodi of whidi 
may be used in sprajs or m dipping vat$ 
Toxaphcnc is used at a coiiccniraiion of 


0 5 per cent and its residual action will aid 
in protection against reinfestation for 2 
weeks or longer 

DDT 15 highly effective against ticks 
prior to feeding but is not effective against 
engorged ticks However, since lindane is 
highly effective against engorged licks but 
does not have die residual effect of DDT, 
the two are usually combined to give ef 
fective control Sprays or dips containing 
05 per cent of DDT and 0 025 per cent 
of lindane or the gamma isomer of BHC 
wdl give highly effective immediate kill 
With a good residual effeeuveness Both 
these imecucides are available as emulsi 
hablc concentrates and wettable powders 

Chlordane is used also for tick control 
on animals at a concentration of 0 5 per 
cent However, it is not used extensivel) 
due to the possibility of cumulative effects 
m die animal The old time standard ar 
senical dip containing arsenious oxide is 
sidi used m die control of die cattle fever 
tick 

Spra>$ and dips are generally the most 
common methods of applying matcnals 
for tick control Sprays arc probably more 
Widely used dian dips, and if animals sre 
sprayed thoroughly and carefully, effective 
control will result- Dips maintained at die 
proper sirengdis are highly effective, but 
in the treatment of swmc a thorough spra> 
ing should give satisfactory control 

In die case of the spinose car lick the 
njmplial stages arc found most usually m 
ilic cars of swmc. Hand treatment should 
be used for the control of dus infcsiauon 
McIntosh and McDuffie (195G) recoin 
mend a formulation of 5 per cent of BIlC 
(15 per cent gamma isomer), 10 per cent 
of xylene, and 85 per cent of pure pme 
oil This mixture is applied directly to tlic 
inside of the cars by use of i squirting od 
can or syringe to die up of whicli is at 
tached a small length of rubber tubing 

tor die control of ticks in outdoor atcas 
of small size, dust or sprays nny l>c 
vvidi satisfactory results A 10 per cent 
DDT dust IS most commonly used (or d»» 
jmrjWM. at the rate of 20-25 lbs, j>cr aac 
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Mematodes, Acanthocephalids, 
Trematodes, and Cesfodes 


NEMATODES 

The roundworms of swine play a very 
definite role in the economy of the m 
dustry While often quoted figures of 
losses are mere "guesstimates,” one has 
only to observe the necropsy of a few runt 
pigs with ascarid occlusion of the intestine 
to realize the loss that does occur Pigs 3 
and 4 months old may be seen weighing 
10 to 15 pounds When one considers the 
handling, feed, and the original cost of the 
animal, the total loss could mean the differ 
ence between success and failure to the 
swine raiser 

LungAvorms, tlireadworins, nodular 
worms, and also kidney worms take their 
toll in reduced weight gams and even 
death We have only begun to guess what 
effect tile presence of these parasites may 
have on a host witli a concurrent disease 

Trichinella infections present a public 
health problem It has been estimated that 
10 to 20 per cent of our population may 
be infected, however, this does not imply 
tliat number of clinical cases Nevertheless, 
sporadic epidemics occur wiili morbidity 
and even death to humans This can and 
should be prevented Public education 
concerning the proper consumption of pork 
products and tlie prevention of feeding raw 
garbage to swine has materially affected the 
incidence of tridiinosis in recent jears 

At present, swine cannot easily be kept 
Worm free, but the parasites can be con 


trolled to prevent serious loss of animaJ 
and human life 

Ascoris iumbricoidas vor suum 

Phylum NEMATHELMINTHES Bilaier 
ally symmetneal, unsegmented round 
worms Complete alimentary tract with 
mouth and anus usually present Body 
cavity present but m most cases without 
lining membrane Both free living and 
parasitic forms 

Family Ascaridae Head with tliree promi 
nent lips supplied witli papillae Mouth 
without chitmous buccal capsule, mtes 
tine simple and devoid of diverticula 
Male usually without caudal alae and 
rarely witli precloacal sucker, two spic 
ules usually equal or subequal, guber 
naculum sometimes present Female 
usually ending conically, vulva usually 
anterior to middle of body, oviparous 

Hosts 

Normal pig, abnormal apes, cattle, 
sheep, and squirrels There is evidence 
that the larval stages will undergo partial 
development and migration m almost aii^ 
mamnial host unfortunate enough to in 
gest infective eggs 

There lias been widespread acceptance of 
the idea that the ascarid of pigs is ideniicaJ 
to tiiat of man from a morpjiologjcal stand 
point but different in us physiological re 
quircmcnis — so different, many feel that 

l*w} 
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2 posterior end of the worm Char 
cally, both sexes have three lips 
ntenor end but these are not easily 
For a good fairly recent descnp 
i reader is referred to Baylis (1936) 
s from cattle and horses superfiaally 
like those of swine When swine 
; are encountered in sheep, they 
ally mucli smaller and sexually un 
)ed 

eggs of Ascans lumbricotdes are 
characteristic thick shelled, brown 
il formed bodies measuring from 45 
in length by 37 to 57/* in width 
ze variation m the literature is con 
>le The surface of the egg is covered 
. bumpy irregular coating of sticky 
mous matter Normally the eggs 
led from feces appear brownish m 
although those taken directly from 
: worms lack this coloration Some 
ite the brownish color to the bile 
ntered m the intestine It is not un 
to find swine feces containing eg^s 
infertile Ascans females These eggs 
•resent a buarre, unpredictable shape 
may be triangular, elongate, with 
;hout albuminous coating, vacuolated, 
itherwise different from the normal 
(1932) presented an excellent photo 
uc plate of tliese infertile forms Now 
then, one encounters fertile eggs in 
tees which are void of the albuminous 

ng 

rciE 

though Ascans lumbncotdes was first 
ibed m detail by Linnaeus in 1758, 
a older writings mentioned tins form 
imilar ones For many )ears, it was 
ght tliat these ascands developed di 
y in the intestine U remained for 
rart (1916) to show that they had a 
ratory phase He did this in rats and 
2 and, when tlie worms failed to dc 
p to matunt), concluded tliat die ro 
is were an intermediate host Ransom 
Foster (1917) and Ransom and Cram 
21) showed that die migration was 
mal in the pig 

•ggs are passed m the single celled stage 
br)os de\eIop in 9 to 13 days under 


optimal conditions of temperature and 
humidity Oddly enough, Stoll (1933) 
found that erabryonated eggs, in spite of 
appeanng to have infective embryos, failed 
to produce lung damage m guinea pigs 
until sometime after the 34th day of in 
cubation at room temperature Ransom 
and Foster (1920) indicated that at opu 
mum temperatures (30-33° C ) the larvae 
underwent a molt within the egg about 
the 18th day Alicata (1934) then demon 
strated that die egg was not infective until 
after tins molt 

Once the first molt has occurred, the 
eggs may be ingested and hatched m die 
small intestine The larvae bore into the 
mucosa enter the portal system, and may 
enter the liver as early as 18 hours after 
ingestion Within 5 or 6 days the larvae 
have left the liver and have located m die 
lungs In experimental infections in pigs 
one often sees respiratory embarrassment 
about one week after infection The lar 
vae grow and molt for a second time while 
in the lun^ Near the tendi to twelfth 
day a third molt occurs and most of the 
larvae migrate to the trachea and arc 
swalJoued Thus they reach die small in 
lestine where diey make a fourth and final 
molt and grow rapidly to adulthood In 
mmal field infections larvae are recovered 
as early as 14 days from die small intestine 
The usual ume from egg stage to egg 
stage IS around 50 to 60 days 

USIONS ANO CKNICAI SIGNS 
TIic first noUccable symptom of Ascarts 
lumbncotdes infection in young pigs is a 
soft, moist cough occurring about a week 
after die pig is placed on an infective hog 
lot or given an experimental infection 
Studies in Fngland (Betts, 1951) demon 
strated a temperature rise to 105-106° F 
surting around the fourth to sixth day 
after heav^ experimental infection and 
lasting several days during die period of 
coughing and Uicn disappearing wuh die 
cough He made the strong point that very 
heavy doses of viable ascarid eggs did not 
produce die pneumonia so often attributed 
to ascarids The idea was presented dial 
persistent coughs in suinc could be due to 
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cross infections are impossible Abdulrach 
man and Joe (1954) ha\e demonstrated 
differences m the lip denticles of the 
human and pig form to support the idea 
of different species although admittedly 
there were intermediate forms in a few 
cases Whether such slight morphological 
differences will be accepted by morphol 
ogists as specific characters remains to be 
seen 

Early workers (Ransom and Foster 1920, 
Koino 1922 Payne el al , 1925) established 
the theory that ascarids from man and pig 
were not interchangeable by means of m 
fection A German worker, Reiche (1921) , 
did not agree and later De Boer (1935) 
came to the conclusion that cross infection 
from human ascarids to pigs can take 
place 

The whole problem of aoss infection 
needs more examination In recent years 
se\eral workers have found great difficulty 
infecting pigs witli their own ascarids 
With ilie advent of excellent isolation 
facilities and the raising of pigs taken from 
cesarian section for experimental purposes, 
the way has been opened to assure that 
animals are not harboring a migratory m 
fection prior to experiments Lindquist 
(1957a) noted that experimental infection 
of pigs with pig ascarids was not accom 
pushed in spite of viability of eggs as tested 
through guinea pig passage Verbal reports 
of other imestigators indicated the same 
difficulty If pigs are not easily infected 
witli pig ascarids, is there any reason to 
believe tliat failure to infect pigs with 
human ascarids proves that human ascarids 
are phjsio logically different? 

DISTRIBUTION 

This parasite is found wherever swine 
are raised 

ORGANS OR TISSUES INVOLVED 

The small intestine is the normal 
location for adult worms, however, they 
are known to migrate into ilie common 
bile duct. The larval stages are transported 
via die blood or lymphatic s>stems and 
thus may be found in many tissues through 
out the body Larval stages generally, ac 


cording to their migratory padiway, in 
volve the liver and lungs most often It 
seems quite possible that larvae in the 
blood stream may be swept to remote 
organs where they may be discovered upon 
examination of tissue sections How often 
or how commonly this occurs is not known 
because of the lack of histological data on 
normal slaughters and the difficulty of 
identification of nematodes in tissue sec 
tion Quite probably, all of our domestic 
animals may be carrying “lost larval stages 
of either their own normal helminths or 
those from some other host There is a 
need to study tissue sections for mediods of 
identification of worms possessing migra 
tory phases All too often larvae in lung or 
liver tissue of swine are called ascarids 
merely because ascand larvae are normally 
found m these locations \Vhy couldnt 
they be hookworms of cattle? How many 
veterinarians, parasitologists, farmers, and 
oUiei^ working closely witli domestic 
animals may be carrying encysted larval 
forms of domestic animal helminths? 
Beaver (1954) convincingly showed the 
presence of dog ascand larvae m various 
human organs as a public health problem 
Fortunately for both domestic animals and 
man, host specificity of many roundworms 
prevents the worm development, and the 
barriers of the skin, lungs, liver, and other 
organs are often capable of walling off the 
invader with little detriment to the host 
Kennedy (1954) showed evidence that 
swine ascarids were not only capable of 
migrating through die liver and lungs of 
cattle but were also responsible for a state 
of sensitivity with the development of gross 
visible lesions and production of 
eosinophiha 

MORPHOLOGY 

Ascarids of swine are robust, aeam 
colored roundworms, in dieir adult state 
measuring nearly a foot long m die case 
of the female and a thickness of about one- 
quarter incli The male is a few inclics 
shorter and comparatively thinner The 
male posterior end is most frequently fish 
hook shaped, and sometimes its uny 
copulatory spicules may be seen extended 
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from the posterior end of the worm Char 
acteristically, both sexes have three Ups 
at the anterior end but tliese are not easily 
visible For a good fairly recent descrip 
tion, the reader is referred to Baylis (1936) 
Ascarids from cattle and horses superfiaally 
appear like tliose of swme When swine 
ascarids are encountered in sheep, they 
are usually much smaller and sexually un 
developed 

The eggs of Ascaris lumbncotdes are 
rather characteristic, tliick shelled, brown 
ish, oval formed bodies measuring from 45 
to 87/j in lengtli by 37 to 57/i in width 
The size variation in the literature is con 
siderable The surface of the egg is covered 
with a bumpy irregular coating of sticky 
albuminous matter Normally the e^s 
examined from feces appear brownish m 
color altliQugh those taken directly from 
female uorms lack tins coloration Some 
attribute the brownish color to the bile 
encountered m the intestine It is not un 
usual to find swme feces containing eggs 
from infertile Ascans females These eggs 
may present a bizarre, unpredictable shape 
They may be triangular, elongate, witli 
or widiout albuminous coating, vacuolated, 
and oihersvise different from the normal 
Otto (1932) presented an excellent photo 
graphic plate of these infertile forms Now 
and then, one encounters fertile eggs m 
the feces which are voicf of the afhuminous 
coating 

LIFE CYCLE 

Although Ascaris lumbucoides was first 
described m detail by Linnaeus in 1758, 
much older writings mentioned this form 
or similar ones For many )ears it was 
thought that Uiese ascarids developed di 
reedy m the intestine It remained for 
Stewart (1916) to show that they had a 
migratory phase He did diis in rats and 
mice and. when die worms failed to dc 
velop to maturii), concluded tliat die ro 
dents were an intermediate host Ransom 
and Foster (1917) and Ransom and Cram 
(1921) showed tliat the migration was 
normal in die pig 

Eggs are passed in the singlc-celled stage 
Embtyos develop in 9 to 13 dajs under 


optimal conditions of temperature and 
huimdity Oddly enough, Stoll (1933) 
found that embryonated eggs, in spite of 
appearing to have infective embryos failed 
to produce lung damage in guinea pigs 
until sometime after the 34th day of m 
cubation at room temperature Ransom 
and Foster (1920) indicated that at opti 
mum temperatures (30-33° C ) die larvae 
underwent a molt within the egg about 
the I8th day Alicata (1934) then demon 
strated that the egg was not infective until 
after this molt 

Once the first molt has occurred, the 
eggs may be ingested and hatched in the 
small intestine The larvae bore into the 
mucosa enter die portal system, and may 
enter the liver as early as 18 hours after 
ingestion Widun 5 or 6 days the larvae 
have left the liver and have located in the 
lungs Jn experimental infections in pigs 
one often sees respiratory embarrassment 
about one week after infection The lar 
vae grow and molt for a second time while 
in the lungs Near the tenth to twelfth 
day a diird molt occurs and most of the 
larvae migrate to the trachea and are 
swallowed Thus diey readi the small in 
testine where they make a fourth and final 
molt and grow rapidly to adulthood In 
initial field infections larvae are recovered 
as early as 14 days from die small intestine 

The c/se/aj time Irom egg stage to egg 
stage is around 50 to 60 days 

lESIONS AUO aiNICAt SIGNS 

The first noticeable symptom of Ascans 
lumbncotdes infection m young pigs is a 
soft, moist cough occurring about a vveek 
after Uie pig is placed on an infective hog 
lot or given an experimental infection 
Studies lu England (Betts, 1951) demon 
strated a temperature rise to J05-J06°F 
starting around the fourtli to sixth day 
after heavy experimental infection and 
lasting several days during Uic period of 
coughing and tlien disappearing with die 
cough He made die strong point that vtry 
Iieavy doses of viable ascand eggs did not 
produce die pneumonia so often attributed 
to ascarids The idea was presented diat 
{icrsistcnt coughs in swme could be due to 



422 Section IV PARASITIC INFECTIONS 






11 " ' 


'4 

/4 


’/-! ij 

r , '! 


y 


FIG 28 1~S<vine liver &ix weeks after natural 
infection of Aseaiis lumbncoides was initiated 


\irus pneumonia or other causes rather 
than ascand infection This phenomenon, 
short iransuor) coughing period, has 
n obscracd in c\pcrinicnial infections 
m the authors laboratory The abo\c 
Mci^s are not in total harmony with de 
scriptions of the symptomatology described 
in tniny texts but should be gitcn careful 
consideration There is a need for further 
study in the laboratory and sMih field pigs 
subjected to lou Icscls of infection otcr 
a longer period of time It is a unique and 
iiucrcsiing finding that doses as high as 
500 000 Mable eggs produced no pneii 
monia and only a transitory cough 

Failure to gain, lacl^ of appclitc. un- 
ilirifiy appearance, an occasional icteric 
pig all may be symptoms of ascanasis The 


presence of runts in Inters may also be m 
dicatise of this disease 

Actual lesions initially appear m die 
liter (Fig 28 1) and the lungs The liver 
shows scarified mottling as early as two 
weeks after infection If lesions are nu 
mcrous at slaughter, tlie entire organ may 
be condemned Information is lacking 
about tliese lesions For instance, the re 
lationship of the number of lesions to the 
infective dose has not been ascertained Do 
tliese scars remain stable throughout the 
life of the pig, or is tliere some regen 
eration of liver tissue obliterating them in 
older swine? How does one explain the 
presence of many mature ascarids at 
necropsy and no liver scars at all? Recently 
a 10 pound runt pig necropsicd m tins lab- 
oratory contained 264 nearly adult ascands 
wiUi no liver scars visible (Fig 28 2) 
Possibly the larvae all entered the lym 
phatics and bypassed Uie liver, or perhaps 
the migratory phase of the infection was 
spent in another host later consumed by 
the pig At any rate, experimental an 
swers are needed to tliese questions One 
thing that has always perplexed the writer 
IS the absence of detailed descriptions or 
illustrations of liver scars in human as 
canasis although Uie standard texts tell 
of liver migration and a life cycle identical 
to the swine form 

The lungs of swine show petechial 
hemorrhages a few days after infection 
Here the amount of damage and produc 


FIG 28 2-Swin8 
showing obsenc® or hv* 
scars with th® pros«n<o o 
264 oicorldl (ot l•W 
host 
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tion of pneumonia is open to further in 
vestigation What part tlie lung migration 
may have m exciting or fulminating low 
grade virus pneumonias needs to be in 
vest jga ted 

There is very little damage in tlie m 
testine except when numbers of worms oc 
dude the lumen completely (Fig 28 3) or 
occasionally mechanically perforate the 
gut 

Spindler (1948) found that adult worms 
did migrate, at times plugging the bile 
ducts and causing a generalized jaundice 
or icterus with the resultant condemnation 
of the entire carcass In a large number of 
carcasses condemned he found about 8 per 
cent were due to this phenomenon 

DIAGNOSIS 

Since many swine pass ascaiid the 
presence of eggs alone is not diagnostic of 
clinical disease One must consider the 
total sjmptomatology The presence of 
adult ascands scattered on the pasture or 
in pens is a warning of danger Swine often 
may shed spontaneously part, if not all, of 
their worm load as they approach maiu 
nty, however, an ascarid condition in the 
herd may mean trouble for ensuing litters 
On the other hand, young pigs may be 
loaded witli worms m the migratory phase, 
be clinically ill, have a raised temperature, 
be oU iced, and yet base negali\e Iccil 



flG 28 3--Totol occtuklcn of lumen of fh* t** 
tetiln* duo to atcorid»« 


examinations Female ascarids are prolific 
producers said to lay o\er 200 000 
eggs per day There is no level of eggs per 
gram of feces known to constitute a dim 
cal level since many variables enter into 
this kind of determination The presence of 
large numbers of eggs, with or without 
Clinical symptoms requires immediate at 
tention To tvait for symptoms is to ^v^lt 
for disaster since loss in feed and u^ight 
gam IS costly to the producer Good hus 
bandry in todays competitiie market dc 
minds a routine ■worming program 

TREATMENT 

AlUiough many preparations ha\c been 
used at one time or another only those 
commonly used today uill be discussed 

I Oil of Chcnopodiutn Known also as 
uormsced is said to have been used by 
tlie American Indians m Uic dais of 
Columbus It IS an essential oil obtained 
from Chcnopodiutn anlhelminticum The 
plant is an annual or perennial herb 
originally from South America but it j)ow 
grows m the United Suics Its most acONC 
ingredient is a fraction known as ascarulol 
From in vitro studies, its mode of action 
appears to be a penetration of the cuticle 
of the worm resulting in stimulation first 
and then a paralysis of die musculature 
with the result iliat the worm cannot re 
sisi ihc peristaltic movements of the lu 
tcsiinc 

Adtninistralion Animals arc fasted IS 
to 21 hours prior to administration of 2 to 
f cc per 100 pounds of body weight and 
followed immediately with about GO cc. of 
castor oil It may be given by dose syringe 
stomacli tube capsule or even v\uh milk 
or ihm slop for herd use iomt of toflaj i 
prcjwraiiom arc put up with the diUg 
right in the castor oil but Lpsoiii salts ate 
sometimes recommended following treat 
iiicnc Ihc purge serves two par|>o$ct. otic 
being to help remove the worms in ihcir 
state of rcJavaiion ami the other to remove 
111 ) remaining tlrug thus reducing toMcitv 
Ihc v>orias removed arc not idled or 
otherwise dama^jCd Ihc of the cv 
lulled female worms arc still viable anti 
cipablc of pxoducing further mfcciiou* 
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Id.anlagcs Very few today It is a safe, 
reliable antlielmmtic. 

Disadvantages It is most cffectue when 
gi\cn as indi\idual doses and even then 
docs not compare m efficacy with tlie newer 
antlielmintics It requires more work on 
the part of Uie veterinarian It has been 
sliown to have an efficacy of about 74 per 
cent, vshich is considerably lower than 
some of tlie following drugs 
2 Sodium riuoride The need for an 
anilielminiic that could be successfully ad 
ministered in the feed prompted Haber 
mann ct al (1915) to demonstrate Uie 
uses of this chemical Their findings indi 
cated that a 1 per cent amount m die 
feed for 1 day would produce an efficacy 
of 97 per cent This was based on a group 
of j2 pigs Later the same year this ef 
ficacy was substantiated by Enzic et al 
(1915) giving a 98 per cent figure and 
using 121 pigs Allen (1915) and Allen 
ind Jones (191G) reported using 1 per 
cent sodium fluoride 

Idtmuislration Animals should be put 
on dry nulled feed for a day or so before 
Uus anihclmimic is used A 1 per cent 
sodium fluoride mixture is fed in dry feed 
for 1 dav It is important to have adcijuatc 
feeders to minimize crowding If possible, 
pigs sliould be separated according to size 
and about one feeding space allotted to 
each I pigs if self feeders are used A good 
ftCncral phu of worming is to wonn pigs 
shortly after weaning and again about a 
month later if ilicy arc known to be sub 
jteted to worm burdens Sows and gilu can 
be wormed just before breeding There is 
no cNiKrimcnial evidence on the best time 
to worm sous some texts uuhratc it 
should be no later than the first half of 
pregnanq 

Idiantages Sodium fluoride today is 
sill passed by no other anthelmintic in cf 
fcctivc removal of ascarids It is also the 
least cx|K.iuivc, It present, to use No 
purge It rcquiiid 

/Jiiiidi Sodium fluoride is more 
acutely toxic dim other preparations on 
the uiJibct lodav. and it is also less palat 
able teed must i>c tuialiv dry so that the 
chemical can be dioioughly mixed, failure 


to mix tlioroughly may result m fatal 
poisoning Turk and Hale (1956) found 
that swine went off feed during treatment 
and showed weight losses Kelley et al 
(1956) using cadmium compounds, sodium 
fluoride, and piperazines indicated that at 
the age of 154 days the weights of pigs 
treated with these compounds were not 
significantly different from those of un 
treated controls or of those fed skim milb 
This lack of difference may, of course, be 
a function of tlie initial worm burden of 
all the animals in tlie experiment 

3 Cadmium oxide This compound was 
reported as a successful ascand anthelmin 
tic m 1955 by Burch and Blair 

Administration It is used at die level 
of 0 015 per cent m dry feed for a period 
of 72 hours Worms are expelled for a 
period of a week to 10 days after treatment 
Enzie and Colglazier (1955) reported a 91 
per cent efficacy or better with tins com 
pound Advantages and disadvantages of 
cadmium compounds will be discussed «n 
general after die next one is introduced 

4 Cadmium antliramlale Guthrie 
(195 la, b) observed die efficacy of ibi* 
anthelmintic to be, on an average, 93 9 per 
cent 

Administration Cadmium andirandaic 
15 generally used at die level of Oil per 
cent in wet or dry ground feed for a period 
of 3 days Elimination of ascands continues 
for 10 days or longer after treatment 

Advantages of cadmium compounds 
Cadmium is more palatable and not so 
acutely toxic as sodium fluoride It can bo- 
used in wet feeds and docs not interfere 
vvidi vicight gains No purge is necessary 

Disadvantages of cadmium compounds 
Cadmium is more expensive, at present, 
dian sodium fluoride It must be used over 
a 3-day period Since cadmium tends to 
build up m the tissues, it is generally 
recommended for only one ircatiucni dur 
rng the life of the animal Cadmium ‘S 
sluvslv dislodged from tissues, so animal* 
should not l>c marketed for aliout 30 davs 
following treatment Cadmium in the ns* 
sues could create a public health problem 

5 Piperazines Since this simple riUrt 
comjxnuul is rather easily subsiiiutcd. H 
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is impossible to discuss individually the 
growing number o£ different substitutions 
that are being reported. At present, there 
are several on the market for use with 
swine: piperazine citrate, adipate, 1-pip^- 
azine carbodithiotic, and recently Guthrie 
(1956) reported successful use of the sul- 
fate and hexahydrate with swine. 

The mode of action is said to be that of 
a depressant on the ascarids causing them 
to be flushed out while in a paralyzed 


before they develop to maturity. Poten- 
tially, this could reduce pasture or lot con- 
tamination. Data must >et be collected to 
establish that fact. 

6. Antibiotics: At the time of this writ- 
ing, a new antibiotic, hygromycin. has been 
developed and promoted as an efficient 
treatment for ascarids as ivell as other in- 
testinal parasites. It is said to have low tox- 
icity and is recommended as a low level 
additive to the feed. 


bUlLC. ^ 

The effectiveness of certain of tnese 
compounds tested in swine is equal to 
that of sodium fluoride or the cadmium 
preparations. Apparently, this group is the 
least toxic of the swine anthelmintics and 
is not contained long as such in the^ tissues. 
Some workers have indicated activity of 
these compounds against nodular worms 
but such observations have been on a 
limited basis with little critical data on 
effectiveness. 

Administration: This depends on the 
compound used. Several are soluble in 
water and may be used that way. 
are used in varying concentrations m the 

Advantages: Piperazine compounds, fed 
wet or dry, have little or no toxiaty to 
swine. They are very palatable witlt a high 
per cent efficacy. They can be given on a 
1-day schedule and repeated if necessary. 
Tliey are effective in other farm hosts. 

Disadvantages: At present, tlie cost ol 
piperazine compounds is considerab^ 
higher than that of otlier antlielmmtio 
although this may become lower with 

volume sales. • 

There is some optimism that ccruin 
piperazine formulations may e 
prophvlactfally at low levels 
In ‘^preliminary f.ed 

(1957b) found that it was possible to 
one-tenth to one-fiftli tlierapeulic o P 
day oter a period of G weeLs wit iou 
ing weight gain or general hea 1 1 . 
tlicse pigs were e.\l>osed to m cc i _ 

tures, the drug did not prevent 
tory phase of tl.e life eycle. Howe er. u 
may be found that animals trea cd 
will lose die intestinal pliasc o 


The McLean County system of swine 
sanitation has in principle the proper ele- 
ments to control ascariasis, but certain 
practices have embellished its effectiveness. 
The system has four major points: 

1 Farrowing pens or houses should be 
thoroughly sembbed before farrowing 
time. Lye and very hot water are most 
often used at the concentrauon of I lb- 
of lye to 30 gallons of very hot water. 

2 The sow should be scrubbed with soap 
and water thoroughly before being 
placed in the dry pen or house. 

3. The sow and pigs should be hauled to 
a “clean” pasture at the appropriate 

4. Old hog lots or permanent pastures 

should not be used. . , 

One of tlie practices that has developed 

along with die program is the woming 
of the sow prior to scrubbing and placing 
in die farrowing pen. 

The matter of "clean or worm-free 
nastiircs is die most difficult part of die 
and cannot be well observed. 
Spliidlcr (1910) showed diat ascarid eggs 
remained viable on Maryland pastures for 
4 vears (at whicli time the c.vpcnmcnts 
were discontinued) with plowing twice -t 
scar and grain cultivadon. Lindquist (un- 
published data) has found that asand 
^ on unplowcd lots in .Micliigan have 
Sained viable and 

years. At the present time dicre is o 
nmdiod suitable to detect or measure die 
decree of iiifcclivity of swine pMIurcs. 

It should be borne in mind diat pr^ 
miscuous use of pastures for worming swme 
is at the same dmc seeding diat pasture 
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with hundreds o£ thousands of worm eggs 
None of our commonly used anthelmintics 
kills the eggs of ivorms shed from swine 
These eggs are disseminated on the lot or 
pasture adding to its infectivity Even if 
the pigs eat tlie shed worms, the eggs may 
remain viable and pass back to tlie pas 
ture Worming programs might well be 
earned out in lots not to he used for pas 
luring young pigs 

Mefasfrongylus elongafus — Lungworms of 
Swine 

A1 pudendofeefus 
M salmi 

Family Mestrongylidae Body usually fih 
form Mouth witJi or without very feeble 
buccal capsule Bursa somewhat reduced 
with more or less typical rays Parasites 
of the respiratory and circulatory system 
of mammals 

HOSTS 

The pig IS normally the host for Meta 
sirongylusj but Chandler (1955) mentions 
that Af elongatus has been reported three 
times from man Schwartz and Alicata 
(1934) reported infections to maturity 
(not egg laying maturity) m the guinea 
pig and dog 

DISTRIBUTION 

Monmg (1947) indicates a cosmopolitan 
distribution Incidence figures may depend 
to a great extent on husbandry practices 
In England, Dunn et al (1955) found 20 5 
per cent of 1,722 pigs infected Previous to 
that time Sullivan and Shaw (1953) in 
Oregon found 51 9 per cent of 518 market 
weight pigs infected Andrews (1956) 
stated that investigators m the southeastern 
United States found 70 per cent of swine 
examined had lungworms 

MORPHOIOGY 

These are long, slim nematodes acting 
and looking much alike Af sahm has been 
found only a few times m the United 
States A desaiption of the genus will be 
given followed by a differential table 
(Table 28 1) for the species 


Metastrongylus Mouth with two lateral 
trilobed lips Bursa small All bursal rays 
very stout except the dorsal and extemo- 
dorsal Tip of the lateroventral ray curves 
away from the ventroventral ray There is 
a large lobulated end on the anterolateral 
ray Posterolateral ray represented by a 
small branch arising from the mediolateral 
ray Spicules are long and slender with 
striated alae ending in a single or anchor 
like hook Posterior end of tlie female re 
curved ventrally Vulva m front of the 
anus Uterine branches parallel Eggs con 
taming embryos when laid 

Of the eggs of the three species it may be 
said that they are almost impossible to dif 
ferentiate Two of them, Af salmi and M 
elongatus, have overlapping measurements 
while Af pudendotectus is slightly lai^er 
They are uniformly embryonated when 
laid, and the shell is usually duck with 
slight mamiJJatJons Schwartz and Alicata 
(1934) have reported 'thin shelled eggs 
which were thought to represent very early 
e^s in which a condensation of shell ma 
terial had not yet occurred 

The longevity of eggs has been remarked 
upon by the Hobmaiers (1929) , who ol^ 
served eggs to have viable larvae after 3 
months in a moist medium In the earth 
worm the intermediate host, Spindler 
(1938) found larvae viable after 4 years 
in Maryland pastures 
UF£ CYCLE 

The adult worms Jive in the bronclii and 
bronchioles of the lung, a favorite locale 
according to Dunn et al (1955) being the 
caudal end of the diaphragmatic lobe 
(Fig 28 4) The adult worms apparently 
orient themselves head down or facing the 
terminal branches of the trachea uJiere, 
according to Soliman (1951), diey ingest 
inflammatory exudate as it is coughed up 
Embryonated eggs are either coughed or 
ciliated Up, are swallowed, and are finally 
passed m the feces Any one of several 
speaes of earthworms is necessary 
further development of die lungworm 
Upon ingestion of the embryonated egg b) 
the earthworm, die first stage larvae Jiatch 
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TABLE 28 1 

DlTFERENTIAnON OF THE SFCCIES OF Metaslrong}lus" 




elongatus 

Melastrcngjlus 

lalmi 

\l<taxtTOng)lus 

pudendotrctiii 


Length of spicules 

3 9 S 5 mm 

2 12 4 nun 

1 4-1 7 mm 

Males 

End of spicules 

Hook hke 

Hook like 

Anchor like 

Gubernaculum 

Absent 

Absent 

Present 


Genital cone 

Strong 

^federate 

W eak 


Length of vagina 

Over 2 mm 

J 2 mm 

Less than I mm 


Provagina 

Absent 

Absent 

Present 

Females 

Prevulvar swelling 

Often set off sharply 
from body antcnorly 

Only slightly or not 
at ail set off from bad} 

Set off sharply from 
body antcnorly i ith 


projecting posteriorly 
and ventrally 

anteriorly projecting 
posteriorly 

provagina attached 


Pos tion of vulva 

At posterior end of 
' prevulvar swelling 

1 usuallyatjunciureof 
swell ng with body 

Midway between an 
tenor and posterior 
ends of prevulvar 
swelling pressed 
against ventral side 
of body 

At poster or end of 
prevulvar swell ng 
surrounded by pro- 
vagina 


* Modifed slightly Crom Dougherty (1944) 


from tlie egg and penetrate the posterior 
esophagus of tlie earthworm Some lar\ae 
enter the blood s}stem and localize m Uie 
hearts In these positions the larvae molt 
twice during growtli to become mfecusc 
third stage lanae in something over tuo 
iteeks Temperature and otiier environ 
mental factors influence this maturation 
Pigs swallowing the earthworms quickly 


digest free the infective larvae which pene- 
trate the miesimal wall apparently follow 
mg tile course of the lymph For a time 
after infection larvae are found in the 
]}inp}) glands of die pig Many escape from 
tins location enter Uic blood stream and 
proceed to the rigJit side of die heart and 
lungs where diey break out to the air pas 
sages Apparently during this migratory 



FIG 28 4— Lungwarms con 
gregated In the psstorior 
1 P of the lung 
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phase before reaching the lungs, the larvae 
complete two more molts making them 
)oung adults about the time they enter the 
lungs It IS said (Schwartz and Alicata, 
1934) that embryonated eggs may be 
present in the feces of the pig as early as 
24 days after infection 
The life cycles of the three lungworms 
so closely parallel each other that they may 
be discussed together here 

LESIONS AND ClINICAl SIGNS 

The actual necropsy lesions are often 
inconspicuous There may be some wedge 
shaped areas of vesicular emphysema along 
the ventral border of the diaphragmatic 
lobe near the caudal extremity The bron 
dll are thickened and dilated There are 
sometimes firm grayish nodules near Uie 
emphysematous areas There may be a 
hypertrophy of the bronchiolar musde with 
a hyperplasia of the periobronchiolar 
lymphoid tissue 

There is little or no damage to the en 
teron by penetrating larvae although there 
is probably a stimulation o£ lymphoid 
nodules along the intestine and mesenter 
les 

Dunn (1956) has indicated occasional 
milk spots ’ on the liver perhaps due to 
acadental migration of larvae through the 
liver 

The presence of eosinophils m Uie lung 
lesions may be pronounced Lymphoid de 
velopment in the lungs appears to be 
present only in cases of longstanding m 
faction 

In younger pigs, a parasitic pneumonia 
may be present and giant cell fonnations 
associated with the presence of large 
numbers of lungivorm eggs liberated into 
the alveoli 

The association of pneumonia and lung 
worm infections needs further study Par 
ticularly is tins true m view of the fact 
that lungvvorms were demonstnied by 
Shope (1911) to be a reservoir for swine 
influenza virus This remarkable finding 
helped to explain the occasional outbreaks 
of interepizootic influenza in swine Per- 
haps lungworms act in some similar fash 
ion m the case of virus pneumonia 

c rtf liinm^omi disease in them 


selves may not be pathognomonic Severe 
coughing, difficult breatliing, loss of aj> 
petite may all be evidence of lungvvorm 
disease Sullivan and Shaw (1953) did 
show that severe infection can be lethal 
On the other hand, they pointed out that 
subclinical infections failed to show signif 
leant differences between infected and 
control animals in respect to market time 
and carcass 

DiAGNosrs 

The presence of lungwonns can, of 
course, be ascertained by fecal exami 
nation but not consistently In the liter 
ature there is a paucity of actual egg 
counts that are linked with clinical disease 
This may be due to sporadic explusion 
of eggs to the intestinal tract of the pig 
The presence of numbers of eggs with 
vaguely characteristic symptoms must serve 
as the basis for diagnosis 

Dunn ei al (1955) have indicated the 
use of a saturated magnesium sulfate solu 
tion (sp gr 1 285) to be superior to 
dium chloride as a levrtatton fluid The 
method used was to shake a 2 gram sample 
of feces with 30 ml of the magnesium sul 
fate solution, sieve through a saeen of 41 
mesh per inch into two 15 ml centrifuge 
tubes, and centrifuge with coverslip ^ 
minutes at 1,500 r p m The covers were 
then counted, and for more accuracy the 
lubes were trimmed with additional solu 
Uon and second coverslips added wiUi 
another centrifugation and count- 
TREATMENT 

At the present time, no commercial com 
pound IS available that is capable of re- 
moving or killing lungworms successful!) 
Most efforts have been aimed at prevention 
because it was believed that any drug ca 
pable of destro)ing tlie worm in tlie luog 
would probably destroy lung tissue too * 
PREVENTION 

Control programs center around prevent 
ing contact between )oung pigs and cartli 


‘Itotocvcr, a compound cj-anaccilijdnui*. 
in Sntain is said lo cause lunworms lo 
antcrioily sshcrc ihcy can be cougTicd up P*” 
ent its use is in the cxm^nmcntal itace. 
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worms ^V'ell drained temporary pastures 
devoid ot trash, boards, and excess humus 
material provide a minimum harborage 
for earthworms Adequate rations help to 
minimire rooting It has been suggested 
tliat ringed pigs pick up few earthworms 

Kates (1911) found tliat eggs not ingested 

by earthworms and exposed on tlie surface 
of the soil under Maryland climatic con 
ditions survived about 25 da}S It was 
suggested that contaminated sod be fallow 
about a mondi before plowing to aid m 
the control of these nematodes 

It may be possible that ivithm a tew 
years we will see a clieap. elfcctive way to 
sterilize pastures of earthworms by use ol 
either a gaseous material such as methyl 
bromide or by use of isotope irradiation 

Oesophagoslomum denlalum - Nodular 
Worms of Swine ^ 

O qoa<ffispinulafom = ^on0'«a“‘'“"^ 

O brevleaudum 
O georglanum 

Family Strongylidae Well developed buc 
cal capsule in the adult Anterior mar 
gin of the capsule without tooth struc 
tures or cutting plates but “^>'7 
guarded by a circle of leaf or bristle like 
cuticular elements known as a coro 
radiata" or ' leaf crown ’ Often there 
one leaf crown at the entrance to the 
cavity and another springing ro"' 
■walls further back Bursa is well de 
veloped 
HOSTS 

The domestic pig is the host for these 
species of Oesophagostomuin 

DISTRIBUTION 

One or the other of the forms m swine 
IS well distributed wherever 
raised, however, geographical de m 
of the swine species is not 
instance in the United States, O 
apparently enjoys the widest distn 
while the otlier forms appear more * 
South Such generalizations are J 

because often where one finds in 
persons one finds wider distribution ana 
higher incidence 


ORGANS OR TISSUES INVOLVED 

The large intestine in its entirety may be 
inaolvcd in infections with nodular worms 

MORPHOLOGY 

Since the differences of the species are 
somewhat minor a detailed description of 
only O denffltum will be given These are 
relatively small worms, the male being 8- 
10 mm m lengdi and the female about 
10-15 mm (Fig 28 5) Both sexes possess 
external and internal leaf crowns The ex 
lernal crown has 9 elements all of which 
nroiect beyond the oral aperture The in 
ternal crown possesses 18 small elements 
Quite characteristic of the genus is the 
^rv.cal groove, which is a transverse ven 
tral cuticular depression extending later 
ally for a varying distance but not totally 

^^The spicules of the male are 1 15-1 32 

mm long provided wilh alac and 

to a blunt up There ts a trowel shaped 

“?hrvu’ll-ris’’Tund 0 534-0 792 mm 

'The eggram s^gm'emed when layed and 
memur:®4<M2, m vv.dth by 70- 4, m 
length They are typical thmshellea 
strongyle eggs 
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LIFE CYCLE 

The life cycle of nodular worms m swine 
has been established over a period of years 
by Goodey (1924, 1926), Alicata (1933), 
Spmdler (1933) . and Shorb (1948) 

The eggs passed m the segmented stage 
hatch in 24 to 48 hours Two molts take 
place in 3 to 6 days providing third stage 
infective larvae ^Vhen ingested by the 
pig, tlie larvae proceed to the large intes 
tine There is no evidence that the larvae 
can use any otlier route but oral for en 
trance to the host It is doubtful if the 
infective larvae can witlistand severe win 
tenng but Morgan and Hawkins (1949) 
state diat under optimum culture condi 
tions tliey may live as long as 10 months 
As early as 20 hours after ingestion larvae 
are found encysted in the mucosa and sub 
mucosa of the large intestine Shorb 
(1948) indicated that within 6 to 10 days 
after infection, fourth stage larvae emerged 
from the nodules to occupy the lumen of 
tlie large intestine The implication may 
be made that a third molt occurred some 
time within the first 10 days The transi 
tion from tlie fourth to the fifth, or adult, 
stage by the final molt has not been traced 
Sexual maturity in the case of O quadri 
spinulalum is known to take place 50 to 
53 days after infection 

LESIONS AND aiNlCAL SIGNS 

Undoubtedly, few if any veterinarians or 
pathologists have seen pure infections of 
tliese worms producing clinical cases, so 
one must record the lesions and symptoms 
as they have been produced expcrimen 
tally 

The lesions and their development are 
open to mucli more study Goodey (1926) 
indicated from experimental infections tlie 
absence of nodules such as occur in sheep 
Later Sdiwaru (1931) pointed out that he 
found nodules m field cases It would 
appear tint lesion development occurs 
similarly to that in sheep, original mfee 
tions produang little or no reaction and 
secondary or tertiary infections sumulating 
crreaicr production of nodules Spindlei 
"(1933) pointed out that nodules may 
practicall) disappear after emergence of 
tlie larvae 


All available evidence indicates that 
these nodular worms do not produce in 
swine tlie extensive damage they do m 
sheep The nodules in swine seem con 
fined to the large intestine, seldom, if ever, 
totally disrupting the function of that 
organ There has been discussion concern 
mg the producuon of small ulcers and the 
role played by secondary bacterial infec 
tion, but little experimental information is 
available to support or deny such actions 
It has been said (Shorb, 1948) tliat there 
is hypertrophy of the regional lymph 
nodes thickening of the intestinal wall, 
and production of a diphtheritic mem 
brane, as well as edema of the mesocolon 
The nodules themselves seem to be made 
up of a smooth homogeneous substance 
containing neither nuclei nor striations 
and to be surrounded to some extent by 
fibroblasts No other organs of the body 
have been reported involved 

The symptoms have been described as 
anorexia, constipation, sometimes diarrhea 
and emaciation Resultant death has been 
produced experimentally 


It IS doubtful if diagnoses prior to nec 
ropsy are made often The eggs may be 
confused easily with at least two other 
nematode parasites of swine Identification 
of cultured larvae has been suggested as a 
means of diagnosis, but tins is seldom used 
and IS not practical as a field adjunct The 
symptomatology is not pathognomonic 
Necropsy examination appears to be tlie 
only certain way to determine the disease 


TREATMENT 

Plienothiazine is, at present, most com 
monly used at the rate of 0 1 gm 
pound of body weight orally to a maxi 
mum dosage of 20 gm This may be mixed 
with ground feed or given individually 
gelatin capsules Sudi treatment has been 
reported to have better than 90 per cent 
efficacy 

Phenoiliiazine can be toxic to suine, tlic 
drug IS known to produce paralysis and 
Ollier toxic symptoms, especially m 
young or weakened annuals 
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\ word must be mentioned in passing 
about the use of piperazines for Oewpha 
gostomum sp Altliough several prepa 
rations are labeled for use against nodular 
worms, Uiere has not been sufficient pub 
hshed evidence to appraise critically its 
effectiveness in all the various forms 
Leiper (1954) found 86 5 per cent of the 
nodular uorras were removed by use of 
polymeric piperazine 1 carbodiihioic acid 
If all tire piperazines prove to be mat eft 
caaous, a definite advantage occurs in that 
both Ascaris and Oesophagostomum may 
be treated in one operation 


PREVENTION 

The general pattern of swnie sanitation 
IS a fairly eftecuve preventative Since the 
infective larvae live for months under 
optimum conditions, these worms arc a 
more serious problem in the warmer cli 
mates Alicata (1955) found that 20 days 
after treatment of soil with sodium borate 
at the rate of 5 lb per 100 sq ft , the viable 
larvae in test baskets had been reduced to 
a very small number compared to the con 
ttols This may prove to be an available 
preventative When it is used for the con 
trol of kidney worm, it also provides nod 
ular worm reduction 


Hyosfrongylus rubicfus — Red Stomach 
Worm of Swine 


Family Tnchostrongylidae Small slender 
worms Mouth without cutting orgam or 
leaf croivn Buccal capsule 
absent m adults Bursa of male well de 
veloped with large lateral lobes but an 
insignificant dorsal lobe 


HOSTS 

Swine are the only known host for H 
Tubtdus 


Its presence are England, Germany, 
Australia Hungary, and m 1940 Porter 
indicated its presence in Asia and Central 
America 


ORGANS OR TISSUES INVOIVED 

The stomach appears to be the only 
organ involved 
MORPHOLOGY 

Small slender red worms, the male meas 
uring 4-7 mm long and the female 5-9 
min in length Adult worms possess a 
cephalic button formed by the cuticle and 
limiled posteriorly by a definite groove 
There are backward directed cervical pa 
pillae about 4 mm from the anterior end 
The male has a well developed bursa 
the two lateral lobes being continuous an 
teriorly Spicules are equal short and 
tapering lo a point with a wavy ridge run 
ning the length and supporting a curved 
Lmbranous Vu°" which b=™inates in 
a second point A long nairow ^ber 
naculum is present as well “ » 
arched structure known as a te amon i ne 
spicules measure 0 13 mm in length 
^The female has the anus 0 68 mm from 
the tip of the tail and the vulva 18-15 
mm in front of die anus Just caudal of 
the vulva is a semilunar fold of the cuticle 
The vagina is botde shaped and at right 
aneles to the cuticular wall 

The eggs are of the typical strongyle 
type hoi^iver. White (1955) pointed on 

an error of measurement in the original 
description (Hassall and Stiles IM,-) 
While found the eggs to measme 
in lenzth by 30-39/* m width He luruier 
pointed out^ that this means diat dilferen 
tiauon from Oesophagostomum eggs is very 
difficult Fecal culture of larvae offers a 
means of differentiation but is not pracucal 


DISTRIBUTION 

The species is widespread in the Flni'^ 
States Incidence reports tliat have 
made in tins country came from Uie o 
primarily, altliough tlie nematode has 
Ln in the nordicm states The audmr 
has collected it several times from 
in Michigan, but die origin of die ^imj^ 
lias not knoisn Other counines reporting 


UFE CYCLE 

Adults inhabit the siomacli of sivine 

E^are passed in dm ^fcccs u„™br,o 

Sui“'’£p“t.nie'n.any‘cggs haicli 39 
Lours after b'c.ng passed There appe^ 
Tm Vc"pre.d.o';r Abcaia 
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(1935) found they could develop to 
maturity m the guinea pig m about 19 
days, although no mention of “egg laying 
maturity in this host was noticed 

LESIONS AND CUNICAl SIGNS 

Several investigators have remarked that 
lesions varying from slight hyperemia to 
eroded areas or ulcers are produced by 
Hyostrongylus and tliere is general agree 
ment on this fact Apparently, these are 
the only lesions noted Differences of opin 
ion appear on the patliogenic significance 
of these worms Swine mortality has been 
attributed to this worm On the other 
hand Porter (1940) found no clinical evi 
dence of injury nor weight loss resulting 
from infections Symptoms which have 
•> recorded are wasting, incoordination, 

’ The serious clinical cases re 
corded may have been related to lactation 
periods nutritional deficiencies, or other 
disease conditions 

DIAGNOSIS 

It IS doubtful if a diagnosis of stomach 
worm disease can be made other than by 
necropsy Determination of the presence 
of stomach worms can be made by culture 
of eggs in feces and examination of result 
ant larvae 

TREATMENT 

One of the only critical studies done on 
this species was that of Bozicevich and 
Wright (1935) They recommended ad 
ministration of carbon disulphide eiilier by 
stomach tube or capsule to animals Fasted 
30 to 48 hours prior to treatment Tlie 
suggested dose was 0 1 cc per kilogram of 
body weight or 4-5 cc per 100 pounds of 
body weight This dose in their hands 
proved to be about 86 per cent efficacious 

PREVENTION 

Porter (1939) indicated tliat strict ad 
herence to the sanitation system produced 
pigs witli lower incidence and lower per 
centage of heavy infections Alicata (1935) 
experimentally showed tliat infective larvae 
could neitlier wiUistand -20® C for 9 
hours nor diying for 240 minutes From 
these data one miglit suspect that Hyo 


strongylus larvae cannot withstand over 
wintering in the northern states 

Ascarops sfrongy/ina — 

Physocep/iaius sexa/afos — 

Thick Stomach Worms 

Family Spiruridae Mouth usually with 
tri lobed lateral lips Sometimes lips are 
absent or small ventral or dorsal bps 
present A cliitinized cylindrical vesu 
bule usually found behind the mouth 
Esophagus long, divided into an anterior 
muscular and posterior glandular por 
tion Cervical papillae present Male 
caudal alae well developed and sup 
ported by pedunculated papillae of 
which there are usually 4 preanal pairs 
Female vulva near middle of the body, 
oviparous 

HOSTS 

The adult is found in the stomach o! 
swine Physocephalus has the ability to en 
cyst in the stomach of a number of hosts 
and remain dormant until eaten by swine 

DISTRIBUTION 

Both of these worms have a very wide 
distribution, appearing m Africa, Asia 
Australia, Europe, and North and Soutn 
America Incidence figures seldom hav 
been given Spindler (1942) indicated tha 
the incidence of tliese worms in swine in 
certain midwestern states has been foun 
to be as high as 90 per cent of tlie anima s 
examined In the same report a 50 to 
per cent incidence was recorded in t 
southeastern states On the other hand, t ic 
writer has never encountered these two 
worms in necropsy examinations of 
in Michigan 

ORGANS AND TISSUES INVOLVED 
The mucosa of the stomacli appears to 
be tlie only tissue and organ involved 

MORPHOLOGY 

Ascarops strongylina Small red-colored 
worms A narrow cuticular wing is foun 
on the left side running from a point al^^ 
3 mm from the anterior end and ending 
about 2 mm from the posterior end 
low the bps and projecting into the bucca 
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cavity are two chitinous teeth formed by 
a prolongation of the wall of tlie pharynx 
The pharynx is marked by a senes of chi 
tinous ridges forming a continuous spiral 
Male IS 10-15 mm long possessing bursal 
wings or alae These wings extend to the 
posterior tip with the right one about 
twice as wide as the left Five pairs of 
somewhat asymmetrical stalked papillae 
support the bursa Spicules unequal the 
left being 2 24-2 95 mm long and the 
right 457-619/x long 

Female is 16-22 mm long Vulva 
slightly anterior to the middle o£ the body 
Anus 2I6-275ft from the caudal tip 

Eggs oval, 34-39/1 long by 20/i wide 
with duck shells Embryos well developed 
in the shell before oviposition 

Physocephalus sexalatus Small red 
colored worms Head with two tnlobed 
bps Head is marked off from body by a 
cuticular inflation ending m a circular de 
marking margin just anterior to the pos 
tenor end of tlie pharynx The pharynx 
contains a spiral band of 21 to 25 turns 
sometimes broken into discrete bands 
There are three lateral cuticular wings 
starting at tlie base of die cephalic inflation 
and extending about one third of the body 
lengdi 

Male IS 6-9 mm long Narrow bursal 
membranes are present whicli are sup 
ported by 1 pairs of long stalked preana 
papillae Postanal papillae (4 pairs) arc 
near tlie lip of die tail and short The 
entire male tail is twisted about mrcc 
turns Spicules unequal, die longest being 
2 1-2 25 mm, die shorter one 300-350^ 

Female 13-19 mm long Anus 120^* 
from die caudal end Vuha is posterior 
to die middle of die body 

The eggs arc 22-26/^ wide by ll-loii 
long and shghdy flattened at die 
Lmbryos arc well dc\clopcd m die s c 
prior to oMposition 


UfS CYCIS 

The hCc qclcs of dicsc two worms arc 
apparciidy quite similar Various 
of dung beetles consume die egg* 
lanac hatcli and dc\cIoj> in die l>od) a\ 


ity within a cyst to the third infective stage 
According to Alicata (1935) diis may take 
28 days or longer in the case of Ascarops 
md 36 days or longer for Physocephalus 
It is known that both speaes of stomach 
worms are capable of utilizing transport 
hosts but little is known of their actual 
parasitic development in the stomadi of 
swine 


LESIONS AND CUNICAl SIGNS 

Foster (1912) indicated from the work 
of others diat a pseudomembrane may be 
formed at the pyloric end of die stomach 
under which these worms are found partly 
attaclied to the stomach wall Red patches 
die size of a penny appeared around the 
pm prick opening made by the worm It 
has been suggested that the membrane is 
formed when the worms mocuhte the 
mucosa widi Spherophorus necrophorm 
bacilh which are commonly present in the 
stomadi It lias also been indicated that 
die worms may produce a gastritis and 
small ulcerations There are probably no 
pathognomonic symptoms present to aid m 
diagnosis 


DIAGNOSIS 

Characienslic eggs m the feces ind 
necropsy examination appear to be die 
only way to tell if diis infection is present 


TREATMENT 

There is \cry hide experience on record 
due to the failure to diagnose cases while 
alive, however, Boziccvidi and Wright 
n9351 found that carbon disuljihide given 
by capsule or stomadi tube wis clFcctivc 
agamst .lsraro/« slrang>hna t.Iien used 
after fasung 35 to H hours at Ute cscl of 
0 1 CC per kilogram of body weight- No 
have been recorded for Physocephalus 


rREVENTlON 

Porter (1939) found ilui dose adher 
cncc to die swine samntion system nurX 
cdly reduced incidence of all three swiiic 
Vkorms 


SlephonufUJ denfotus 
Swino 

Family SwotigyhJac 

Otiophagoiiomum 


^Kldnay Worm of 
\i given under 
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(1935) found they could develop to 
matuniy m the guinea pig m about 19 
days, although no mention of egg laying 
maturity ’ in tins host was noticed 

USIONS AND CUNICAl SIGNS 

Several imesugators have remarked that 
lesions varying from slight hyperemia to 
eroded areas or ulcers are produced by 
HyostTongyhis and there is general agree 
ment on this fact Apparently these are 
the only lesions noted Differences of opm 
ion appear on the pailiogenic significance 
of tliese worms Swine mortality has been 
attributed to this worm On the otlier 
hand Porter (1940) found no clinical evi 
dence of injury nor weight loss resulting 
from infections Symptoms which have 
been recorded are wasting incoordination, 
weakness The serious clinical cases re 
corded may have been related to lactation 
periods nutrilioml deficiencies, or other 
disease conditions 

OiACNOSIS 

It IS doubtful if a diagnosis of stomach 
worm disease can be made otlier tlian by 
necropsy Determination of the presence 
of stonnch v^orms can be made by culture 
of eggs m feces and examination of result 
ant larvae 

TREATMENT 

One of the only critical studies done on 
this species was that of Boziccvich and 
^\ right (1935) They recommended ad 
ministration of carbon disulphide cither by 
stomach tube or capsule to animals fasted 
30 to IS hours prior to treatment- Tlic 
juggested dose was 0 1 cc. per kilogntn of 
body weight or 1-5 cc. per 100 pounds of 
body weight Ihis dose in tlicir hanils 
proved to be about 8G per cent efficacious 

rREVENTION 

Porter (1939) indicated that strict ad 
hcrcncc lo ilic sanitation system produced 
pigs with lower incidence and lower |>cr 
centage of heavy infections Alicau (193a) 
experimentally shotted that infective hrvac 
could neither wulisiand -20® C for 9 
hours nor drying for 210 mimius trom 
ihot dm OIK miKlii susiKti tint Hyo- 


strottgyhis larvae cannot withstand over 
wintering in the northern stales 

Ascorops strongyhna — 

Physocep/ia/us sexa/olus — 

Thick Stomach Worms 

Family Spirundae Moutli usually witb 
tri lobed lateral lips Sometimes hps arc 
absent or small ventral or dorsal hps 
present A cliitimzed cylindrical vesu 
bule usually found behind tlie mourn. 
Esophagus long divided into an anterior 
muscular and posterior glandular por 
lion Cervical papillae present Vfl/e 
caudal alae well developed and sup- 
ported by pedunculated papillae o 
which tliere are usually 4 preanal pairs 
retnalc vulva near middle of the body 
oviparous 
HOSTS 

The adult is found m the stoniacli o 
swine Physocephalus has the 
qst in die stomach of a number of 
and remain dormant until eaten by swi 


DISTRIBUTION 

BoUl of these worms have a very “ 
distribution, appearing m Africa ^ 
\ustnlia Europe, and North and 
America Incidence figures seldom 
been given Spindlcr (1912) indicate 
the incidence of these worms in « 

certain midwesiern states has been 
to be as high as 90 per cent of die an 

examined In die same report a o 
per cent incidence was recorder i 
southeastern states On die odicr han 
v\ruer has never encountered t icsc ^ 
v\orms in necropsy examinations o i 
in Michigan 


ORGANS AND TISSUES INVOLVED 
The mucosa of the stomach 
be die only tissue and organ involve 


MORPHOLOGY j 

Ascarops strotigyltna Sunil J 

v%orms A narrow cuiinilar v»iiig ** 
on the left side running from a l"‘!' • 

3 mm from the anterior end anu 
about 2 mm from the ,^"i,mul 

low the lips and projecting 1”“^ 
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cavity ire two chitinous teeth formed by 
a prolongation of tlie wall of tlie phar>nx 
The pharynx is marked by a series of cln 
tinous ridges forming a continuous spiral 
Male is 10-15 mm long possessing bursal 
wings or alae These wings extend to the 
posterior tip with the right one about 
twice as wide as the left Five pairs of 
somewhat asymmetrical stalked papillae 
support the bursa Spicules unequal the 
left being 2 24-2 93 mm long and the 
right 457-619^ long 

Female is 16-22 mm long Vulva 
slightly anterior to tlie middle of the body 
Anus 2I5-275fi from the caudal tip 

Eggs oval 34-39/t long by 20/i ivide 
with tliick shells Embryos uell developed 
in the shell before oviposition 
Physoceplialus sexalaius Small red 
colored worms Hcid witli two trilobed 
hps Head is marked off from body by a 
cuticular inflation ending m a circular dc 
marking margin just anierior to die pos 
tenor end of die pharynx The pharynx 
contains a spiral band of 21 to 25 turns 
sometimes broken into discrete bands 
There are three lateral cuticular wings 
starling at the base of die cephalic inflaiion 
and extending about one third of die body 
length 

Male IS G-9 mni long Narrow bursal 
membranes arc present wliicli arc sup 
ported by \ pairs of long stalked prcanal 
papillae I’ostanal papillae (1 pairs) arc 
near the lip of the tail and short- The 
entire male tad is twisted about dircc 
turns Spicules unequal, die longest being 
2 1-2 25 mm, die sliortcr out 30<>-3ad/* 
long 

Lcmalc 13-19 mm long \nus 120^ 
from the caudal end \ulva is |>osicrior 
to the middle of die Ixuly 

Ihc cj^s arc 22-26^ wide by 11—15/* 
long ami slightly llaitcncd at the |x»Ics- 
hiiibryos are well dcvc!oj>cd in the shell 
1 tiur to o\i[>uvition 

tut CTCll 

I he life c'cles of thcic two s*t>rmi arc 
appaicmly quite suudar \atiou* rpccic* 
of dung beetles coii»utnc the c-sga- I he 
Ursic lutcli and develop m ihc cav 


ity widun a cyst to the third infective stage 

\ccording to Aheata (1935) diis may take 
28 days or longer in the case of Ascarops 
and 36 days or longer for Pfiysocephahis 
It IS known diat both species of stomach 
worms arc capable of utilizing transport 
hosts but little IS known of dicir actual 
parasitic development in die stomach of 
swme 

LESIONS AND CtINICAL SIGNS 

Foster (1912) indicated from the work 
of odicrs tliat a pseudomembrane may be 
fonned at the pyloric end of the stomach 
under which dicse worms arc found partly 
attached to the stomach wall Red patches 
the size of a penny appeared around the 
pinprick opening made by the worm It 
has been suggested that the membrane is 
formed vshen die worms inoculate die 
mucosa with Spherophorus necrophonu 
bacilli which arc commonly present m die 
stomad) It Ins also been indicated diat 
the worms may produce a g,asinits and 
small ulcerations There arc probably no 
padiognomonic symptoms present to aid in 
diagnosis 

DIAGNOSIS 

Cbaracicristjc eggs m the feces and 
necropsy cxanmniion appear to be die 
only wiy to tell if this infection is present 

IKEATMINT 

ihcrc 1$ very little experience on record 
due to die failure to diagnose caves while 
alive however Boriccvicli and Wright 
{f93a) found that carbon disulphidc^ucn 
by capsule or stomach tube vtas effective 
against Ascaropt ttrongyltna when uvcti 
after fasting 36 to If hours at (he level of 
0 I cc. jxr kilogram of Ixxly weight No 
data have been iccuidcd fur / hyiocephalus 
rRCVIHTION 

Cotter (1932) found that clove adher 
erne to the »v*inc unitaiiuti ivstem mark 
ct!l) rcducctl incidence of all three swine 
stotiuch worms. 

Sfephonurut dtntQiut — Kldnv'f Worm of 
Swino 

kaauh Sjt»„shdae \i given umkr 
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(1935) found they could develop to 
maturity in the guinea pig in about 19 
days, although no mention of “egg-laying 
maturity” in this host was noticed. 

LESIONS AND CLINICAL SIGNS 

Se\eral investigators ha%e remarked that 
lesions varying from slight hyperemia to 
eroded areas or ulcers are produced by 
Hyosirongyhts and Uiere is general agree- 
ment on this fact. Apparently, these are 
the only lesions noted Differences of opin- 
ion appear on tlie padiogenic significance 
of tliese uorms. Sume mortality has been 
attributed to this ^vorm. On the other 
hand. Porter (1940) found no clinical e\i 
dcnce of injury nor u eight loss resulting 
from infections. Symptoms which Iui\e 
been recorded are uastmg, incoordination, 
weakness The serious clinical cases re- 
corded may ha\e been related to lactation 
periods, nutritional deficiencies, or other 
disease conditions. 

DIAGNOSIS 

It IS doubtful if a diagnosis of stomach 
worm disease can be made other than by 
necropsy Determination of the presence 
of stomach worms can be made by culture 
of eggs in feces and examination of result- 
ant larvae. 

TREATMENT 

One of the only critical studies done on 
tins species was dial of Bozicevicli and 
Wright (1935). They recommended ad- 
minisirauon of carbon disulphide either by 
stomach lube or capsule to animals fasted 
30 to 48 hours prior to treatment. The 
suggested dose was 0.1 cc. per kilogram of 
body weight or 4-5 cc. per 100 pounds of 
body weight. This dose in their hands 
prosed to be about 86 per cent efficacious. 

PREVENTION 

Porter (1939) indicated diat strict ad- 
herence to die sanitation $)sicm produced 
pigs with lower incidence and lower per- 
centage of hcasy infections. Alicala (1935) 
experimcnully showed that infective larvae 
could neither widisund -20® C. for 9 
hours nor drying for 240 minutes. From 
dicsc data one might susjKCt that Uyo- 


strongylus larvae cannot widistand o\er- 
vvintering in the northern states. 

Ascarops sfrongy/i’na — 

Physocepfiafus sexo/afos — 

Thick Stomach Worms 

Family Spiruridae; Mouth usually aidi 
trilobed lateral lips. Sometimes lips are 
absent or small ventral or dorsal bps 
present. A cliitinized cylindrical lesti- 
bule usually found behind die mouth. 
Esophagus long, divided into an anterior 
muscular and posterior glandular por- 
tion. Cervical papillae present, hlo"- 
caudal alae ivell developed and sup- 
ported by pedunculated papillae _ 
whidi there are usually 4 preanal pans. 
Female-, vulva near middle of die bod), 
oviparous. 


The adult is found in the 
swine. Physocephnlus has tlte 
cyst in the stomacli of a number o 
and remain dormant until eaten by 


DISTRIBUTION 

Both of these worms have a \ery 
distribution, appearing in Africa* / ' 

Australia, Europe, and North and 
America. Incidence figures sel ora 
been given. Spindler (1942) xndica 
the incidence of lliese wonns in 
certain midwestern stales 
to be as high as 90 per cent of uic^ 
examined. In the same ilic 

per cent incidence was rccorde 
southeastern states. On the other i 
writer has never encountered . 

worms in necropsy examinations 

ill Midiitran. 


ORGANS AND TISSUES INVOLVED 

The mucosa of the siomadi 
be Uie only tissue and organ itnoi'c . 


MORPHOIOGY j 

Ajcarops strongyUna: Small 
v%orm5. A narrow cuiiailar about 

on die left side running from a j>o j|„. 
3 nim. from the anterior end a 
about 2 mm. from the batt*^ 

low Uic lips and projecting mw 
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others Those that find their way to the 
perirenal tissues form cysts with fistulas 
leading into the ureters providing for dis 
semination of eggs The time necessary for 
development from egg to egg is said to be 
a minimum of 6 months, however, some 
think It may be several times that Kidney 
worm disease is most frequently found in 
pigs much older than 6 months As has 
been remarked by Spindler and Andrews 
(1955), tlie highest incidence of the par 
asite determined by eggs in the urine has 
been in animals G to 7 years old Tliese 
authors also mentioned that their expen 
mental infections with production of eggs 
during the patent period have not been 
accomplished Tromba (1955) has demon 
strated experimentally that earthworms 
{Eisema ioetida) can be infected by ex 
posure to third stage larvae and after 4 days 
they may be found m the brown bodies o 
the earthworm Swine fed these earth 
worms developed typical kidney wornt liver 
lesions, although Tromba was not able o 
develop patency in the pigs up to 9 mon is 
after infection This lends aedence to Uie 
possibility tliat some steps or variables m 
the life cycle are yet to be established 


LESIONS AND CLINICAL SIGNS 

In noting lesions, one might well m 
dude many organs of the body, 
these are not constant Certainly the I'c 
lesions come as dose to constancy as any 
White fibrotic spots, usually larger a 
Uiosc produced by Ascaus, often form 
streaks due to their coalescence and may m 
noted on tlie surface of Uie h\cr In leavy 
infections one may find the 
changed m color from red to reddish gray 

In cases where skin infection 
discrete nodules may appear on the s i 
If tlicy are numerous, edema of tlic ar 
may be present After a time •;» 
crust may form on the nodule There my 
also be a palpable swelling of loca > 
pbatic glands . . 

Oddly enough, little attention has wen 
called to lesions of die kidney proj>cr Koss 
and Kauzal (1932) called aiicntion to 
necrotic mfarcu m tlie 
cases Spmdlcr and Andrews (19aa) ^ 


marked that occasionally mature worms are 
found m the kidney proper 

There are no clear cut symptoms asso* 
anted svitli kidney worm disease The 
worms seem to manifest themsehes differ 
ently in pigs, depending somewhat on the 
age of die host In heavily infected young 
pigs fatal cachexia may result If die m 
fection IS fairly light, the pigs may show 
faulty feed utilization and develop an 
emaciated condition This may be due to 
interference with liver function Posterior 
paralysis has been reported occasionally, 
caused perhaps by migratory forms of the 
worm m the central nervous system Most 
authorities list emaciation or unlliriftincss 
as a prevailing symptom, but most parasitic 
afflictions can produce sucli symptoma 
tology 

DIAGNOSIS 

Necropsy examination or the presence of 
cliaractcristic eggs in die urine offers die 
only sound approach at present. It is very 
unfortunate too, since young animals may 
have heavy infections in tlic migratory 
phase and never be diagnosed 

TREATMENT 

Tlicre is no known treatment 


EVENTION 

Some hope is offered here if tlie problem 
serious enough to isarrant die expeiidi 
ire of much time and effort It has been 
•nerally recommended dial fence lines 
id paths be kept free of vegetation so as 
> permit mixinium drying Swine del 
3 tc and urinate most frciiucnily along 
•ncc paths and near feeders One end of 
IC pasture « hept free of tcsctat.oi. and 
1C feeders and caterers arc placed here. 
Caterers should be of a design lo present 
j.lhnE or leafing If )oniig pigs arc in 

fe pasinre ssitli die sots, creep feeders may 

n iscd in present conlact of die )<iun„ 
,.p siilh die sou feeder uhcre i* 
oiccntration of infcclisc latsae udl mo ■ 
“urbe dn. 

„ obiaining “'"‘‘''‘.‘..'".t 

on the aica. of Ingheit infccli'“' 
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HOSTS 

Normally the host is swine The ox and 
donkey have been recorded as hosts of this 
species but probably are incidental and of 
no Significance 

DISTRIBUTION 

5 dentatiis is most prevalent m the south 
Atlantic and south central states It has 
been reported from a number of states 
farther north Spindler and Andrews 
(1955) stated that lesions due to kidney 
worms have been seen in swine originating 
from Massachusetts, Kansas, Nebraska, and 
central Washington No doubt there are 
other reports from northern states, but 
some, if not all, of diese reports relate to 
swine shipped interstate At any rate, kid 
ney worm disease has not yet reached se 
nous proportions in any of the northern 
states In general tlie kidney worm has 
a wide geographical distribution including 
Ghana, Natal, Annam, Java, Sumatra, Aus 
tralia Philippines, Hawaii, the West 
Indies, and Brazil It seems to be limited 
only by climatic conditions 

ORGANS OR TISSUES INVOtVEO 

Since this nematode has a migratory 
phase one might list almost any organ as 
a possible site Actually, the prominent 
places ■where they are to he Sound are ihe 
liver and tlie fat surrounding tlie kidneys 
and ureters Actually, larval forms have 
been located in the brain, spinal cord, 
musculature, lungs, mesenteries, and pan 
creas Since part of die larval migration is 
carried by the blood stream, one may find 
larvae lodged in unusual places Whether 
they v\ould continue their cycle witliout 
recourse to the liver is open to question 

MORPHOLOGY 

These arc rather thick, robust worms, 
the males measuring 20-30 mm m length 
by 1 2 mm maximum thickness Females 
measure 25-15 mm m length and up to 
1 8 mm duck The buccal capsule is about 
018 mm wide and deep There are usually 

6 teeth, variable m shape, at die base of 


the capsule The leaf crown has about 50 
small elements There is a club-shaped 
esophagus about 1 6 mm long in the 
female The nerve ring is found about 05 
mm from the anterior end and the excre 
tory pore is 0 5-0 6 mm behind the nene 
ring 

The spicules, slightly swollen at the tip^» 
have transversely striated alae Spicules 
measure 0 66—1 0 mm , being either equal 
or unequal A flattened heart shaped ae 
cessory piece is present and measures about 

0 075 mm m length 

The female tail is about 0 59 mm long 
Near the level of the anus is a pair of 
globular formed processes The vulva *5 

1 36 mm from the anus 

Eggs are quite large, strongyle like, meas- 
uring 90-115^ long by 43-65^ wide 

LIFE CYCLE 

Characteristic eggs are eliminated wUh 
the urme m the early stages of segme*' 
tation A million eggs have been known 
pass from one hog in a day Given 
optimum conditions, the eggs develop 
vae and hatch m 24 to 48 hours These 
larvae become infective within 3 to 5 da>s 
thereafter 

The infecijve state is quite vulnerable 
to changes m temperature, direct sunlight 
and unusually dry conditions If expcri 
mental conditions are well controlled f 
larvae may survive nearly 3 months It ** 
the opinion of some tliat they may 1^*^ 
longer than that under field conditions 
(Spindler and Andrews, 1955) 

Swine may become infected either J 
oral route or by skm penetration It is t *® 
concensus tliat, once the larvae arc m t 
pig, the portal circulation serves to convt^) 
the larvae to the liver Tliey may stay *n 
the liver several months, growing and JU* 
grating through Uie organ These niovO- 
ments, needless to say, cause great daimS^ 
-ind scarring on the liver The developiUB 
worms in the liver finally break tJirousn 
tlie liver capjulc and enter the body cavit' 
From here to the kidney many larvae may 
be lost ill other accessible tissues sucli 
pancreas spleen, mesenterv, muscles, a' 
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well as petechial hemorrhages in the Jungs, 
heart, and intestinal mucosa. Pericarditis 
has been seen and third stage larvae have 
been recovered from the musculature, myo- 
cardium, tongue, brain, spinal cord, and 
lungs. 

While there appear to be no pathogno- 
monic symptoms, pigs may be restless and 
irritable, have anorexia, reduced grmvth 
rate, diarrhea, vomiting, and intestinal 
hemorrhage, and even may die. 

DiACNOSiS 

since many swine may shed some of the 
characteristic eggs and yet not have clinical 
disease and since notliing is known about 
the relationship of egg levels to the disease, 
it is doubtful if diagnosis can be accom- 
plished prior to necropsy. Large numbers 
of typical eggs combined with the rather 
vague symptomatology offers some promise 
of diagnosis. 

TREArMENr 

Nothing is used in swine at the present 
time. 

PREVENTION 

Prevention is centered around current 
sanitation measures and tlie selection of a 
dry, unshaded area as a swine lo^ 

Trichur/s suls —Whipworm 
Family Trichuridae: Medium to large 
^\orms, the anterior (esophageal) part 
of the body may be longer or shorter 
tlian the posterior. The posterior body 
may be tJiickcr or only slightly dtinner 
Uian Uic anterior. Mouili simple. Male: 
spicule single or rarely willi only a 
copulatory sheath. Female: vulva near 
termination of esophagus. Oviparous 
with thick-shelled eggs, wliicli arc barrel- 
shaped uiili plugs at cadi end and arc 
deposited vsiili an unscgnicnicd ovum 

HOSTS 

Knossn hosts arc pig, man, vsild boar, 
and monkey. 

OlSTRISUllON 

T. iuis it cosmopoUun v.hcrc sninc arc 
raised. 


ORGANS OR TISSUES (NVOtVEO 

The cecum, colon, and appendix (man) 
are tlie organs involved. 

MORPHOIOGY 

The male is 30—45 mm. long and 0.45- 
0 65 ram. maximum thickness. The esophag- 
eal portion is about two-thirds to tliree- 
filths of die total lengUi (Fig. 28.G) . The 
spicule measures 2-3.35 mm. long and 
0.056 mm. maximum thickness. Its tip may 
be round or pointed. The ejaculatory duct 
is about 2.9-3.4 mm. Jong, ivhich is about 
half, or sometimes mudi less dian half, as 
long as die vas deferens widi whidi it is 
connected by a narrow duct 0.5 mm long 
The testis is closely convoluted throughout 
iu length. 

In the female the vulva is not prominem 
Eggs measure 50-56ft by 21-25n wide. Eggs 
are colorless when layed, but in the feces 
Uiey assume a dark rcddjshbrown color 

UfE CYCLE 

Eggs arc passed uncmbryonaicd. The 
egg develops to die infective stage in I to 
12 months depending on environment 
When ingested by die proper liost, die 
larvae hatdi and develop to maiiiriiy in 
die cecum or colon in about a month. 



FIG. 78 e-Whlpworm*. TmcHmiU w**, 
Qlicnwotvd ontar.or •nd. 
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Tliere ha\e been several chemicals 
recommended for treating the soil and the 
flooring of pens Methyl bromide is effec 
tive but costly and o£ little value in pas 
tures or over large areas Some borate 
salts of sodium have likewise been useful 
as means of control although their use has 
been limited because of their destruction 
of vegetation 

The fact that kidney worm eggs are sel 
dom expelled from infected animals until 
they are two or more years old implies that 
the continuity of this disease depends on 
carry-over of breeding stock An early re 
placement of breeding stock witli younger 
animals may be very helpful in controlling 
kidney worm disease 

Strongyioides ransomi — Intestinal Thread* 
worm of Swme 

Family Rhabdiudae Small forms free liv 
ing or parasitic or with both free living 
and parasitic phases Three sided pris 
matic or tubular buccal cavity usually 
\siUiout teeth Esophagus usually with 
a posterior bulb containing valves and 
frequently also witli a prebulbar swell 
mg Reproducuve organs simple Ovip 
arous sometimes parthenogenetic or 
hermaphroditic 

HOSTS 

The pig IS the only known host of S 
ransomi 

DISTRIQUTiON 

There arc some species of this genus 
found m swine on a cosmopolitan basis 
Strongyioides ransomi is tliought to be an 
American form while S stiw has been ac 
cepted as European Actually there ha\c 
been few observations of tins tiny ncma 
tode genus on a geographic basis in the 
United States Scliwartz and Alicata 
(1030) concluded from examination of 
specimens from Moultrie Georgia that S 
snis probably occurred in the United 
Stales however, most auiliors refer only to 
S ransomi 

organs and tissues involved 

Since iliese arc skm pcneirating forms 
and have a blood migration one might ex 


pect to find larvae m many of the pnn 
apal organs Organs that have been 
singled out are skin, lungs heart and m 
testine 

MORPHOLOGY 

No parasitic males have been described 
but the parasitic females are tiny 3 33- 

4 49 mm long and 54-62^ wide The 
esophagus as 605-883;i long by 47fi ''ide 
The anus is located 53-83/x from the tip 
of the tail The transverse vulva with pro- 
truding lips is posterior to tlie middle of 
the body but at a distance of 1 1-1 6 ra^i 
from the tip of the tail 

The eggs are ellipsoidal thm shelled 
containing an embryo They measure 45- 
55/t long by 26-35^ wide For a desenp 
tion of larvae, consult Scliwartz and Alicata 
(1930) 

LITE CYCLE 

The small embryonated eggs are passed 
in the feces At room temperatures they 
hatch in 12 to 18 hours The resultant 
rhabditiform larvae may develop >nto 
filariform or infective larvae 22 to 24 hours 
after the larvae hatch from the egg The 
infective larvae are capable of penetrating 
the skin and proceeding to the lungs via 
the blood stream and tlience from 
alveoli of the lungs to ilie brondii esopha 
gus, stomach and small intestine where 
they become adults about 7 days after m 
fection 

It has been shown by Lucker (1934) 
oral ingestion of infective larvae can pro* 
duce infection also The exact fate of 
these orally ingested larvae needs further 
stud) Whether the infective larvae in dus 
case make a lung migration or remain m 
the intestinal mucosa requires more docu 
mentation 

As with otlicr species of Strongyloi^^ 

5 ransomi is capable of developing a free 
living generation of adult males and fe- 
males whicli m turn develop infective para 
sitic larvae 

LESIONS AND CUNICAL SICnS 

A number of lesions have been 
scribed Skin crupiions following 
cutaneous infection have been noted ai 
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demonstrated by muscle presses or by di- 
gestion o£ muscular tissue in an addiiied 
pepsin solution and examination under 
tlie microscope. 

TREATMENT 

No treatment is known. 

PREVENTION 

Prevention is accomplished by several 
means. Studies have shown the highest in- 
cidence of Tiiclnnella in garbage fed swine 
(1-C per cent), while in grain-fed animals 
it has been less than 1 per cent. Emphasis 
has been placed on cooking garbage or 
not feeding it. Public education concern- 
ing the importance of properly cooked 
pork products has also been somewhat ef- 
fective. Trichinosis is primarily a public 
health problem since its damage to siWne 
is minimal. 

ACANTHOCEPHALIDS 
Macroeanthorhynchus hirudinoceus-- 
Thorny«h9aded Worm 

Phylum ACANTHOCEFHALA: Endo 
parasitic vermiform organisms without a 
digestive tract but possessing an mvagi* 
nable hook-armed proboscis as its organ 
of attachment. 

Family Oligacanthorhynchidae: Worms of 
considerable length, slightly ringed 
bodies being frequently curved or coiled. 
Proboscis short, ovoid, or globular and 
armed with a few circles of hooks de- 
creasing basally 
HOSTS 

Hosts of M. hiriidtnaceus arc swine, wild 
boar, and occasionally dogs and monkeys. 
There have been early reports of human 
infections, but tliere is doubt tJiat these 
actually occur. 

DISTRIBUTION 

This %sorm is cosmopolitan svhere swine 
are raised. 

ORGANS OR TISSUES INVOLVED 

According lo Kates (1911). die worms 
arc generally located in the jejunum 2S to 
■13 feet from die pjlorus. 


MORPHOLOGY 

Laige nematode like worms superficially 
resembling ascarids They appear to have 
Tvrmkling or transverse pseudosegmenta- 
Uon. The proboscis, usually penetrated into 
the intestinal wall (Fig. 28.7) , bears five 
of six rows of recurved spines. Females 
measure 20-65 cm. long by 4-10 mm. wide. 
Males are 5-10 cm long and 3-5 mm. 
wide They bear a bell shaped, bursa like 
structure at their terminal end. 

measure 80-100/t long by 56-65/i 
wide. The egg contains a larvae when 
layed. 

IIPE CYCIE 

Characteristic eggs pass out with the 
feces where diey are eaten by beetle grubs 
of the genera Cotmus and Phyllophaga 
The larvae within the egg hatch in the 
beetle roidgut and die larvae migrate to 
the body cavity, where they develop to the 
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LESIONS AND aiNICAL SIGNS 

In swine there is little record o£ lesions 
or symptoms 
DIAGNOSIS 

There is no diagnosis o£ the disease re 
ported, but the presence of the worms can 
be detected by their characteristic eggs in 
the feces 
TREATMENT 

In swine no treatment is prescribed, al 
tliough feeding skim milk has a tendency 
to flush some ivorms out of die host 

PREVENTION 

The standard swine sanitation system 
seems to give some control over this species 
of worm 

Tric/iinel/a spiralis 

Family TrichinelUdae Small worms, 
simple moudi Male spicule and copula 
tory shcadi absent Female vulva in 
esophageal region Viviparous Parasites 
of mammals adults m intestine and 
larvae in muscles 

HOSTS 

The hosts are primarily man and pig 
aldiough T spiralis has been reported in 
ox, sheep horse, dog cat, rabbit rat. and 
many other mammalian hosts It has been 
reported in such wild mammals as the 
polar, brown, and grizzly bears, arctic fox 
and white whale 

DISTRIBUTION 

T spiralis is cosmopolitan where swine 
are raised 

ORGANS OR TISSUES INVOLVED 

Primarily skeletal muscles arc affected al 
though lesions may be found m die myo- 
cardium, lungs, and occasionally the brain 
and meninges 
MORPHOLOGY 

Male IS 1 ^-1 6 mm in length and about 
0 01 mm duck The female is 3-1 mm m 
length and OOG mm duck At the pos 
tenor end of the male there is a pair of 
senuraily directed conical processes located 


at the sides of the cloaca, and between the 
processes are two pairs of papillae In the 
female die vulva is near die middle of the 
esophageal region of the body 

The embryos on hatching measure 009 
-0 16 mm in length and 6-9/x m thick 
ness 

LIFE CYCLE 

Copulation takes place m the small m 
testine of the host The female burrows 
into the mucous membrane by way of the 
glands of Lieberkuhn and makes its way 
to the lymph spaces Large numbers of 
embryos are deposited which enter the 
lymphatic and blood streams and are c^ 
Tied all over the body On reaching de- 
sirable muscles, die larvae penetrate the 
sarcolemma of the muscle fibers Here le 
larvae become enclosed in cysts, usually 
to a cyst although as many as seven have 
been recorded m a single cyst The time 
required to reacli die muscles varies from 
8 to 25 days after infection Viable qsts 
may remain intact for years although * 
process of calcification begins gradually to 
destroy the larvae and capsule 
The infection is passed on to 
other mammals by ingestion of uncookc 
or improperly cooked pork products 

LESIONS AND CLINICAL SIGNS 

Pigs are usually quite tolerant to ib® 
parasite There is very little eflcct on ® 
gastrointestinal tract and the main lesion 
are diose of the larvae m die niusculatorc 
For an exact description of cellular changes 
m die muscle, one may refer to Gou 
(* 9 ^ 5 ) , . 

Symptoms in pigs have been 
experimentally but arc seldom, » 
seen in natural infections There may 
a loss of appetite, colicky pains, paralyse 
of the hind quarters, incontinence of urin 
and feces diarrhea, stiffness of die musci 
and Itching 

DIAGNOSIS 

This disease as a clinical cnlity hw 
probably never been diagnosed m living 
svvinc At necropsy, the larvae arc cau ) 
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conclude that the Cmannati report was 
one of most unusual arcumstances Kem 
kamp (1946) did not even include Para 
gontmus in his discussion o£ parasites and 
parasitic diseases of swine 

There is no known treatment of domes 
tic animals 

Fasci*o/a hepatica 

Normally Fasciola hepatica is a parasite 
of sheep and cattle and in some countries 
even man la the United States this para 
site IS a rare one m swine, and the litera 
ture IS scarce It is enough to say that 
animals acquire the infection by ingesting 
the metacercariae encysted on grass The 
fluke IS a large parasite inhabiting the liver 
and hile ducts No serious outbreaks seem 
to have been reported in swine although 
there is voluminous literature about it m 
other hosts It is of interest that in for 
eign lands that there is enough fascioliasis 
m swine to merit treatment tests Winter 
halter and Delak (1956) have developed 
a treatment m swme by use of subcutane 
ous injections of carbon tetrachloride 
mixed with liquid paralRn 

In the United States, particularly m the 
south and western coastal plain, care might 
be taken not to pasture swine on areas used 
by sheep or cattle 

Taenia so/ium — 

Cysticercus cei/u/osoe — "Measly Pork" 

This tapeworm parasite occurs in man 
as an adult and occasionally as a larval 
form It occurs m swine in the larval form 
only These larvae may be seen in Uie 
muscles of the heart, tongue, diaphragm, 
and, m fact, almost any body muscle They 
are tiny white, lemon shaped bladders 
about i/z indi long and inch wide \Mih 
a protuberance on one side idiich is Uic 
invaginaicd scolcx, or organ of attachment. 
They apparently cause little discomfort to 
the pjg and no clinical evidence of disease 

Sivine receive tlie infection by ingesting 
eggs di'scminaicd by careless human habits. 
WiUi ihc improvement of rural sanitation 
m die United States, die incidence has 
steadily dropped Scliwartz (1952) staled 


that federally inspected meat showed 10 to 
26 cases out of 45 to 59 million hogs 
slaughtered It is increasingly difficult to 
obtain either the adult or bladderworm 
larval stages for teaching purposes Thor 
ough cooking of pork or freezing tempera 
tures for a week destroy the larvae 

Taenia bydatigena 
Cysfieercus tenuieollis 

The adult tapeworm lives m the in 
testine of dogs and related carnivores Its 
bladderworm or larval stage is most often 
found in sheep and cattle, although some 
times in swine 

Domestic animals acquire their infection 
by ingesting the eggs from the droppings 
of infected dogs The eggs hatcli in the 
intestine and the embryo finds its way to 
the liver via the blood stream After reach 
ing the liver u usually burrows out and 
may be found on die surface of die liver 
or, more commonly, attached to the omen 
turn or organs in the peritoneal cavity 
Dogs must ingest the bladderworm to com 
plete the cycle The larva is usually found 
m a cyst filled with fluid, die larval cyst is 
very lajge, measuring several inches m di 
ameter wlien mature 

Usually there are no clinical signs in 
pigs or other animals although Andiony 
(1955) indicates tliat dcatii can ensue in 
very young pigs 

Control measures involve treating dogs 
for die adults and preventing die ingcs 
tion by dogs of the infective larval stage 
No treatment is known and diagnosis can 
be made only at necropsy 
Echinococcus granufosis — Hydatid Disease 
Of Uic tapeworm pirasiies of swine, die 
larval stages of diis one probably consii 
tute tile major ecstode problem oi suine 
The adult of tins species is a very tiny 
worm comjioscd of a scolcx (head) and 
dircc or four segmenu A dozen or more 
entire adult worms could be placcil under 
one microscope slide covcrslip The adult 
lives in die small intestine of dogs and 
related carnivores whicii disseminate, with 
dicir excrement, die eggs of the taj>cv»oiin 
on {laiturcs and suine lots 
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infecme stage after about 3 months in the 
grub 

Pigs acquire the infection by ingesting 
gjubs containing infective larvae The 
time element for development to maturity 
in the pig IS about 3 to 4 montiis 
This infection lias been reported in man 
in die Volga Valley of Russia and it was 
stated tliat beetles of tlie genus ATehntlia 
were eaten raw The record was made )ears 
ago and no recent reports have substanti 
aied iL 

USIONS AND amiCAl SIGNS 
When die proboscis or hook bearing 
snout of the parasite penetrates the mucosa 
an inflammatory area may be established 
As die diorn) headed worm moves from 
place to place the wounds resolve into 
pealike nodules often filled with caseous 
material It has been said dial perforation 
of the intcsiine may occur Should dm 
happen any leakage of intcsunal contents 
would most certainly set up a pcriionius 
winch could become fatal 

There arc no specific symptoms and u is 
unusual to find large numbers of worms 
per pig although these parasites probably 
contribute to unduifimcss of infected am 
mals 

DIAGNOSIS 

Diagnosis can be made onl) by the pres 
dice of eggs in the fcccs or at ncoopsy 
TSCATAUNr 

No treatment is knov>n 
rSlVENTlON 

Pastures kept free of litter (Imards 
irasl) leaves) may reduce the grub popii 
laiion Actual!) good feed and enough of 
It will help keep rooting to a minimum 
and the ringing of sv^inc ma> help break 
die relationship of swinc to the grub Ihc 
eggs of the thorn) headed vvorm ire \cr) 
resistant and may remain infective to the 
grub for several jears on pasture 

TREMATODES AND CESTODES 

Ihc group of parasites cuminsing die 
trcmatiKlei «r IhiLes (he tai>cs»ormf ami 


dieir intermediate stages are of minor im 
portance to those interested in swine dis 
eases In many cases die pig is not the 
normal host but ratlier an accidental host 
Incidence records of these parasites in 
swine are very limited and probably quite 
inaccurate It is recognized diat a number 
of different species of flatworms have been 
reported from swine Hall (1933) listed 
18 trematodes noting that the flukes arc 
seldom of material economic importance 
in swine husbandry He further mdi 
cated that there were no adult tapeworms 
normally existing in swme 
Phylum PLATYHEUUNTHES These 
are bilaterally symmetrical, soft bodied 
flatworms lacking a blood vascular S)S 
lein and true coelom These worms pos- 
sess a unique excretory s>5tem uiiliung 
flame cells All but one class are para 
sitic 

Poragonimus Ref/icodi 
This trematodc is a fleshy, spinous worm 
of fairly large size {Vz to 54 tncit long) 
living as an adult m Uic lung of many 
fcrcni hosts Pigs are probably accidental 
hosts Mink seem to be the common host 
m die United States although it may be 
found m dogs cats sheep goats and even 
man 

The host acquires the infection by m 
gesting the mciaccrcarial snges found m 
die body of crayfish A small snail Potnouo- 
psis lapidaria, appears to be the Tint inter 
mediate host in die United States The 
ingested mciiccrcaria penetrates the m 
icsunal wall and wanders to the pleura 
cavit) enters die lung and enqsts Thcic 
arc a local inflammatory icicnon ^ 
hcsiQus md even fibrosis I-argc brown 
opcrcuhic eggs arc coughed up and nja> 
be dcmoiuiraicd m the sputum or fccc> 
of the definitive host Ihc cg-,s incasurc 
78-96ft long b) 18 -<> 0>1 v*idc Ihc) arc nt 
die singlc<cUcd sngc vshen passed 
riic Uistrdmiion in sv»inc has not been 
wcU rccoidcd Man) ic\u refer to •* 
iwn b> Stiles ami Hassall f J900) ft ““ 
Cincinnaii From the lack of further re- 
tn ihii paraiiie in mine one 
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Once these eggs are ingested by sheep, 
cattle, swine, or even acadentally by 
humans the embryo escapes from the eg^ 
burrows through die intestinal wall, and 
enters the blood stream where it is most 
often swept to the liver and lungs to de 
velop into its cystic or h)datid stage Oc 
casionally the cystic stages may be found 
elsewhere in the body, e g , the spleen, 
kidney, and rarely in the musculature The 
cysts in swine are usually the simple uni 
ocular variety and may be fertile or sterile 
They vary in size from 1 cm to 7 5 cm 
m diameter Sometimes they may be so 
numerous as to cover the organ com 
pletely 

The source of infection for swine is not 
definitely known Infected dogs can dis 
semmate the eggs on swine lou but wild 
carnivores may also play a part In the 
South, where most of the incidence reports 
from the United States have been made, 
swine are known to range unconhned more 
often than in the northern states This 
factor might implicate wild carnivores as 
ivell as dogs 

The problem of hydatid disease in swine 
cannot be easily circumscribed due to a 
paucity of incidence reports in recent 
years One may go back before 1900 (Stiles, 
1898) and find references to 117 swine 
cases out of 2 000 hogs slaughtered in New 
Orleans A much larger survey apparently 
made about the same time, quoted by 
Magath (1937) was one case in 24 000 In 
the same publication, figures given from 
Nashville, Tennessee, for a 5 month period 
in 1936 were 0 64 per cent of 62 399 hogs 
slaughtered ^Vard and Bradshaw (1956) 
report a 4 03 per cent incidence from 
8,066 swine from five different areas of 


south and central Mississippi In the same 
report, these authors mentioned that 1,157 
swine shipped to their packing house in 
Mississippi from St Louis, Missouri, a 
no hydatids It would appear that tins dis 
ease may be a localized entity at limes 
and related in some way to husbandry 
Recent reports are few from northern states 
although older records are available from 
Canada 

There has been discussion m the htera 
ture about the amazing fact that so few 
cases are recorded from dogs This has e 
to the increased interest in the sylvatic 
mode of infection, but little account has 
been taken of the fact that many vetenna^ 
necropsies are done without benent 
screening and illuminating the contents o 
Uie small intestine Without sucli a methoo 
It IS doubtful i£ Uiese tiny tapeworms 
would be observed unless in very ^ S 
quantities Since the eggs of 
appear exactly like those of 
tapeworms, tliere is no way to alert 
veterinarian to die presence of tms wp 
worm There certainly is a possibility 
our incidence m domestic dogs is ug 

>,r^A we have missen 


them at the necropsy table 
The problem of hydatid disease m swi 
IS of public health significance but pr^^ 
duces no discernible effect on the P‘S 
IS discovered at necropsy or 
Treatment is not available for swine, 
are there diagnostic methods simple eno ' 
to be practical Control of the 
pigs rests upon proper husbandry, 
Uielmintic treatment of farm dogs, ^ 
slricled range of swine to minimize 
contact with infections m wild anima s 
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Protozoa* 


The smallest members of the '"‘J 

dom are usually considered 
lular These animals belong in the p y 
PROTOZOA Thousands of species have 
been desaibed in this group, inost of which 
are not parasitic in habit About 40 of 
tliese species have been found 
with domestic and wild swine Compara 
tively few species of "Vtnc “ 

definitely l-nown to be P^^ogenic Some 
species appear to damage body 
when predisposing factors are p . 
while otlter species found in 
incapable of causing disease Future re 
search may alter present day opm.ons « 
garding the so-called pathogenic and non 
pathogenic protozoa of swine 

The taxonomic «lationsh,ps of the 

phylum PROTOZOA vary with *e vie 
point of the taxonomist For ‘'“S 
Sion of swine protozoa the classi „ 

Kudo (1D51) will be 'oHowed ^le ly 
stated, tlie p/otozoa of swine belong » e 
following classes and genera {only 'he 
more important genera fouii m j 
Nortli z\merica will be discussed in detail 

in this cliapier) „,r!iide 

Class I Masligophora 
Trypanosoma, Clnlomastix, Vhesc 

choLnas, and Trilric/iomonm FhOT 
Masugophom are characlerized b, tnc^ 

possciion of flagella for die purpose o 


locomotion Reproduction usually occurs 
Genera include 

?trst:di^oir.na“itx^ 

by s™;: 

“’‘cilss" III Sporozoa Genera include 
forms Infections of host ecus m y 

Toa are host spec.r.c for suinc 

Trypanosomiasis 

There are no palhogenic “ 

>« mwVtmc been 


^':r^^S'^‘'t;;p::nomme. ..asc 

inplcie l»t of rcfcicnccs 
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introduction of this group of parasites into 
swine 

Trichomoniasis 

There is httle evidence that this condi 
tion exists per se It was first thought to be 
a cause of, or play a role in, necrotic en 
teritis of swine and, later, as a possible 
causative agent of atrophic rhinitis m 
swine In fact, m the latter disease, it is 
probable that the causative agent (s) or 
interaction of agents is unknown (Shuman 
ef al, 1955) 

The exact taxonomic relationship be 
tween the trichomonads of the nasal pas 
sage and die intestinal tract is not clearly- 
understood Differences between them 
have been recorded but further work is 
necessary to determine whether these dif 
IcTQnces are su/Bcient to assign species 
status or not The lack of a marked host or 
organ specificity complicates this decision 

MORPHOLOGY 

Tntnchomonas sxiis (Gruby and Dela 
fond 1843) IS the name applied to the cecal 
form It is robust oval averaging 85 x 
6 8^ witli 3 anterior flagella of body 
length The undulating membrane fila 
ment continues as a trailing flagellum The 
axostyle has a short posterior tip 

Ttiliiciiomonas sp, found in the nasal 
cavity, IS pyriform m shape and averages 



FIG 29 ] — Tryponosoma congolem* Blood 
smear Approximately X 1,000 


133X^7/1 It contains the 3 anterior 
flagella and undulating membrane of die 
genus The axostyle has a short posterior 
tip with a chromatic nng 
Tntrichomonas sp , found in the intes 
tinal tract, is oval with an average length 
width measurement of 5 2x3 5 /a The axo- 
style has a longer tip than the other two 
forms After culture these forms tend to 
resemble each other more closely Antigenic 
differences between T suw and Tritricho 
monos sp found in the nasal cavity have 
been demonstrated by agglutination tests 
using rabbit sera 

TRANSMISSION 

Transmission is effected apparently by 
ingestion of the motile organism as a con 
taminant of feed or water 

1RS10NS AND CLINICAL SIGNS 
There are no specific lesions or clinical 
signs attributable to natural infection with 
diis organism 

DIAGNOSIS 

This is usually made from scrapings 
taken from the appropriate location in 
freshly killed swine Nasal suabs or wash 
ing will often reveal the organism in the 
living animal 
TREATMENr AND CONTROL 

At the present lime there is no nniica 
tion liiat treatment would be warranted 

REMARKS 

The transfer of trichomonads from die 
intestinal tract of swine to die genital tract 
of swmc, goats, and cows, and the tcmjio- 
rary establishment of T foetus in die 
uterus of swine introduces speculation as 
to ihc host specificity of these parasites 
The lack of success in the csublishmcnt 
of the infection in die prcpuinl sheath 
of boars indicates lint, it the present time, 
there is little possibility of tins becoming 
a herd probJcin 

Other Ftagollotos 

Other flageJIates xejjoricd from iwinc 
Juve priiinnl) been parasites of man Ilic 
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found in swine from other countries, 
principally from Africa, India and South 
America In view of the fact that the vec 
tors and reser\oir hosts for certain of these 
trypanosomes are available in North 
America it is important that these trypano 
somes not be introduced from abroad 

MORPHOLOGY 

Trypanosomiasis is caused by members 
of the genus Trypanosoma These organ 
isms have flattened, elongated bodies, 
tapering at both ends A long flagellum 
arises near the posterior end of the body 
and runs anteriorly on tlie surface, forming 
an undulating membrane, and continues 
as a free structure be)ond the anterior end 
The trypanosomes vary in length according 
to the species and range from 9 to 35^ 
Most of them are found in the blood and 
lymphatic systems of their hosts 

TRANSMISSION 

The trypanosomes are pnncipally trans 
muted by blood sucking arthropods The 
more important artliropods involved in 
elude the tsetse fly, horse fly, stable fly, 
and reduvnd bugs The trypanosomes 
multiply in these artliropods, and mechani 
cal transmission can occur by blood inocu 
lation The control of trypanosomiasis is 
based principally on attempts to destroy 


the various arthropod vectors Treatment 
m swine is experimental and will not be 
reviewed Table 29 1 indicates the species 
recorded from swine 

There are variations in the manifesia 
tion of this disease in domestic animals 
The predominant pathological change in 
trypanosomiasis is anemia due to the fail 
ure of erythropoeisis This may be ac 
companicd by edema and diarrhea 

DIAGNOSIS 

The diagnosis of the disease is made by 
finding the characteristic trypanosomes m 
the blood stream (Fig 29 1), or, in the 
case of T cruzi, by finding leishmanial 
forms in tissue sections or smears from in 
fccted organs Other methods for diagnosis 
include precipitin tests, culturing, animal 
inoculation, etc 

REMARKS 

This disease, as yet not reported from 
swine m North America, represents a defi 
nite hazard to swine and a public health 
menace The report of Diamond and 
Rubm (1956) concerning T crtai from 
raccoons m Maryland and the fact that 
swine may act as an important reservoir 
host for human infections of T cntu 
(Faust, 1955) indicate tint a continued 
vigilance must be maintained against the 


TABLE 29 1 

Trypanosomes Recorded From Swine 


Name 

Trypanosoma smiae Bruce 1912 
7* congolrrue Broden 1904 
T irufrtPlimmcr and Bradford 1899 

T gamiiense von 1 ordc 1901 
T CTuzi Chagas 1909 


Length 

Vectors 

Hosts 

Location 

12-24^ 

Tsetse horseflies 

Wart hog, monkey, 
sheep, goat 

Africa 

8-21 M 

Tsetse fly 

Cattle sheep, goat, horse, 
donkey, camcJ, dog 

Africa 

12-35p 

Tsetse fly 

All domesticated animals 
as well as many wild 
mammals 

Afnca 

12 2Bm 

Tsetse Itoisc, and 
stable flics 

Primarily man, wild pig 
cattle, sheep, goat 

/Unca 

1 

15-20#. 

1 5-l>.* 

Rcduviidae 

Man dog cat wood rat, 
opossum bat, raccoon, 
armadillo and other 
vvild mammals 

Central 

and 

South 

America 


Lculunani form 
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possible source of E lustolytica mfecuons 
in man, llicre ha\e been five cases of £ 
poleckt reported from man Burrows and 
Klmk (1955) believe tliat this infection 
may be more common tlian has been re 
ported and diat cases of umnucleatcd 
cysts have erroneously been diagnosed as 
E histolytica 

Coccidiosis 

There are five species of coccidia re 
ported from swine m North America Four 
of the species belong in die genus Cimerm 
and one speaes belongs to the genus Iso 
spora 


development outside the body The time 
required for this development varies from 
4 to 12 days The Eimena spp , when fully 
sporulated, show four sporoqsts, each con 
taming two sporozoites In die Isospoia 
sp fully sporulated oocysu exhibit two 
s^roqsts with each containing four sporo 
zoites 


TRANSMISSION 

This condition is transmitted by in 
eesuon of sporulated ooqsts as contami 
nants in food or water Cross transmssion 
of coccidia beween swine and other do- 
mestic animals has not been conclusively 
demonstrated 


MORPHOLOGY 

These organisms go through a compli 
cated life cycle involving both sexual and 
asexual reproduction Wiihin 
body, they are confined to the epithelial 
cells of the digestive tract, where *ey 
undergo development through various 
stages depending upon the length o 
infection These stages, in order of then 
appearance, are first the asexual tropho 
zoite, scliizont, and metozoite suges, then 
ihe sexual micro and macrogametocytes 
and die micro and macrogametes, and, 
finally, the oocysts The ooc)st stage is 
passed in the feces These oo^sts vary m 
size from 9 to 29/,, in shape from ova 
subspherical, and in color froni colorkss 
to brown, yellow, or pink, depending 
die speaes (Table 29 2) The 
in the fresh feces exliibits a double ron 
toured wall and a single protoplasmic ma» 
in the center This stage, in or 
infective to a new host, roust comp 


LESIONS AND CLINICAL SIGNS 

This IS a disease primarily of the young 
as adult animals have usually 
the mfecuon and become 
“ that clinical signs are not shoOT 
first sign of the mfecuon is diarrhea which 
may be followed by constipauon Th s 
dimhea in conuast lo that of coccidiosis 
m“ Ide IS rarely bloody upon gross ex 

= aJira^^i^ry7cr£e 



Eimma dtbUecki Douwes 1921 
E seabra Henry 1931 
E permtnuia Henry 1931 
E ipinosa Henry 1931 
Isospcra suis Biester 1934 


Smooth, oval, coloil= 
Rough, ov-al, browi-n 

Rough, subsphcncal. brown 

Spiny, oval, brown 

Smooib, subsphcncal, pink 
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pathology and treatment of tltese fo™ 
have not been established. The following 
luo nagellates are briefly described as a 
means of separating them froni the pre* 
viouslv discussed members of this class. 

ChiJomastix mesnili (Wen^on 1910)^ is 
an asymmetrical, pear-shaped organism 
with 3 anterior flagella and a cystostomal 
flagellum. It measures lO-24/i in length in 
the trophozoite or motile stage. The oval- 
shaped qsi measures about 8/*. 

Giardta lamblia (Stiles 1915) is a bilater- 
ally symmetrical, pear shaped organism 
(Fig. 29.2) vshicli is convex on the dorsal 
surface, and the concave ventral surface 
forms a suction disc. The double nucleated 
trophozoite contains two axostyles and 
four pairs of flagella. The trophozoites 
measure 12-15/i in length, and die oval 
qsis are 0-12^ long. The cysts may con- 
tain cither 2 or 4 nuclei 

Amoebiasis 

Several species of amoeba have been re- 
ported from swine by fecal examination. 
They arc: Endamneha histolytica, E. coU, 
E. polecU, Endolimax nana, and loda- 
iiioebn butschUi. Of these, apparently E. 
polcekt sliould be considered as die amoeba 
of swine. From the reported cases of qsts, 
morphologically similar to E. histolytica, 
found in swine fcccs, it docs not appear 



nr 29 2 — Ciordio tomblia. Fecal linear. Ap- 
' pfojomotely X 1,000. 


that swine act as an important resenoir 
host for this infection of man. The follow- 
ing account concerns the amoeba E. polecki 
(von Provvazek 1912.) 

MORPHOLOGY 

The trophozoite stage is an irregular 
oval approximately 13 X 
sluggish movements by pseudopodia. The 
nucleus appears large and pale. The qsts 
measure 4-1 (average Six) in diameter, 
are uninucleated, and may contain enro- 
matoidal bodies. 

TRANSMISSION 

Amoebiasis is contracted by ingestion of 
die cyst in contaminated feed or water. The 
trophozoites are quite susceptible to en- 
vironmental cliange and are rarely t le 
transmitted form. 

LESIONS AND CLINICAL SIGNS 

This condition in swine rareiy “hibiM 
any clinical signs or lesions. Kinsley^ (1933) 
reported diat pigs were gaunt, exhibited a 
temperature of 106 to 107® F-. and ha 
diarrhea. The necropsy findings were in- 
testinal inflammation cliaracterized by a 
milky exudate. Tissue sections reveal Ui 
amoeba to be in die intestinal lumen, m 
the crypts, or at die margins of ulcers. As 
amoebae have been reported from many ap- 
parendy normal animals, the primary 
cause of the infection should be inv pn- 
gated and other causes of enteritis elimi- 
nated. 

DIAGNOSIS 

Tile diaraclcrisiic uninucleated cysts arc 
found in the fcccs. If die diarrhea is ^ 
die inoiilc forms may be passed. To fin 
Uiis stage the specimen must be fresh an 
not allowed to cool. Smears may be mau*^ 
and stained widi iron hematoxylin in order 
to facilitate finding the cysts or trophy 
zoites. Because of the similarity of 
polecki and E. histolytica, only those t)I”' 
cal qsts widi four nuclei should be diag 
nosed as £. histolytica. 

REMARKS 

Although dicrc is some disagreement 
concerning die exact role of swine as 







FIG. 29.5 — Eitnoiia sp, Sp^ujated oocysts- Ap- 
proximately X700. 

Control measures should indude adequate 
clean water from fountains or troug s an 
racks or bunks tor teed. Adequate space 
should be provided to avoid over-aowding. 
Pasture rotation to reduce the °| 

contamination is helpful, but tins 
not be tlie only control practice ^ 

Avery (1942) showed that stvme coccidia 

may re^in viable on soil tor 15 monUis 
with the surface temperature ranging 
40 to -4 5° C , and will withstand freezing 
for at least 26 days. 

REMARKS 

Coccidlosis is usually a self limiting dis- 
ease and the course lasts about two w . 
Low numbers of oocysts may be shcU tor 
longer periods o£ time and by parually 
immune animals. 
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Toxoplasmosis 

This is a widespread disease which can 
be acute or chronic, symptomatic or asymp- 
tomatic The causative agent. Toxoplasma 
gondii (Nicolle and Manceaux 1908), is 
apparently the same regardless of the host 
involved. 


T. gondii presents a crescent or arc- 
shaped structure with one end more 
rounded and the other attenuated (Fig. 
297) It measures about 4— 7;i in length 
and about 2-4/i in width There is no 
centrosome or kinetoplast visible, and tlie 
nucleus appears as a mass of chromatin 
granules These proliferating forms are 
found in a wide variety of cells and organs 
of the body, including Urn lymph nodes, 
lungs, spleen, liver, and intestines In the 
du-onic stage, the infection is apparently 
maintained by a cyst or pscudocyst which 
is confined to the brain or myocardium 
These pseudocysts are rather large and give 
the appearance of having a definite cyst 
membrane surrounding many toxoplasma 
bodies. 




FIG. 29 6 — Isospota sp. Sporoloted oocysts. Ap- 
proximolely X 700. 
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FIG 29 3 — Eimeria sp Fecal smear Approxi 
mately X 200 


surface epithelium causing destruction and 
loss of the cells in addition to a mild cel 
lular reaction which results in a slight 
thickening of the walls 

DIAGNOSIS 

Cocadiosis IS diagnosed by fecal exami 
nation (Figs 29 3 and 29 4) A direct 
smear m water or saline should suffice 
though concentration by salt or sugar solu 
tion will not destroy the oocysts 


Species identification is rather difficult 
and usually not necessary However, Iso- 
spora sms can readily be separated by mix 
ing the fecal material with 2 6 per cent 
potassium dichromate solution and allow 
ing the mixture to stand seieral da)S for 
sporulation to occur (Figs 29 5 and 296) 
Presence of oocysts m die feces should be 
correlated with symptoms and history 

TREATMENT AND CONTROL 

The most effective dierapeutic agents 
are the sulfonamides However in most 
cases, the animals showing clinical signs 
are past the stage for optimum benefit. 
Alicata (1946) observed beneficial results 
from sulfaguanidine at 1 gm per 10 lb of 
body weight when given two days before 
infection until 7 days after When fed at 
the same rate starling after symptoms and 
fed for three consecutive days no benefit 
was noted but a reduction in oocyst out 
put was realized Biester and Murray 
(1933) did not find any therapeutic effect 
from the use of large repealed doses of 
colloidal iodine Aureomycm at the level 
of approximately 50 mg per pound of 
feed has been reported to be of value 
(Lederle and Co 1952) Symptomatic 
treatment of the diarrhea and tlie preven 
uon of secondary infections is indicated 



FIG 29 4 — Eimeria sp 
Fecal smear Approx male 
lyX700 
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accumulate in large numbers on a single 
red blood cell 

TRANSMISSION 

The natural method of transmission has 
not been proven, but, from the nature of 
the organism, it is suspected that blood 
sucking artliropods play a role The use 
of contaminated needles and instruments 
must also be included as possible trans 
raitting agents In utero transmission as 
described by Berner and Gouge (1954) 
may account for its appearance in suckling 
pigs 

lESIONS AND CLINICAL SIGNS 

In clinical cases the disease manifests 
Itself as an acute, febrile, ictero anemic dis 
ease m shoats and is most prevalent m the 
summer months The morbidity and mor 
lality are low The characteristic course 
includes a temperature of 104 to 107® F, 
depression, anorexia, and a severe and 
rapid blood destruction concurrent with a 
drop in the number of parasites Later 
signs are icterus, weakness, and the appear 
ancc of bile stained feces The red blood 
cell count may drop to 1 to 2 million 


Recovered animals apparently remain car 
ners for hfe The incubation period is 
about 6 to 10 days Necropsy findings show 
icterus, yellow Iner, soft, enlarged spleen, 
and thin, watery blood There may be 
hydropericardium, ascites, and a pale, 
flabby heart m some cases Miaoscopic 
lesions are a hyperplastic bone marrou, 
hemosiderosis of die liver, and some nc 
crosis of the liver lobules 

DIAGNOSIS 

Demonstration is based upon the identi 
fication of die Lperythrozoon in blood 
smears {Fig 29 8) and upon die herd and 
individual history 

TREATMENr AND CONTROL 

Speafic therapy against C suts has been 
accomplished witli two drugs The older 
treatment is the use of Neoarsphcnamine 
as a single intravenous injection at the 
rate of 15-45 mg per Ig of body weight 
(Splitter, 1950c) Similar results have been 
obtained using oxytetraqclinc or tetra 
cyclme at the rue of 3 nig per pound of 
body weight or greater (Splitter and 
Castro 1957) Symptomatic treatment, 






pG 29 8 — Eperythrozoon »u* 
11 Stood vmeor Aporoxlmata 
lyX 1,000 
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TRANSMISSION 

Toxoplasmosis is transmitted m nature 
by a variety oE methods Which o£ these 
methods is most important remains to be 
proven It has been shown to be transmit 
ted in utero through the milk, by inges 
uon o£ infected tissues, and, expenmen 
tally by arthropods (American dog tick. 
Rocky Mountain tick, Lone Star tick and 
the human body louse) The apparent real 
danger of transmission to humans by the 
ingestion of improperly prepared or raw 
pork should be considered 

LESIONS AND CLINICAL SIGNS 

The acute form is most frequently ob 
served in )oung pigs and is cliaractenzed 
by signs of respiratory involvement such 
as coughing and dyspnea Acutely ill pigs 
have a temperature elevation of 104 to 
107® F , shivering, weakness, incoordina 
tion, and diarrhea Asymptomatic sows may 
farrow weak, premature, or stillborn pigs 
Neaopsy reveals fibrinous pneumonia 
focal necrotic hepatitis and enteritis and 
lymphadenitis Microscopic examination 
shows the toxoplasma in the affected areas 
wiili the lesions being those of a focal 
neaosis and granulomatous infiltration 
The brain exhibits subendymal, focal, and 
perivascular microglial granulomata and 
necrosis 

DIAGNOSIS 

Demonstration of the organism m the 
tissues by histological methods or animal 
inoculation is necessary for positive diag 
nosis The Sabin Feldman dye test and 
complement fixation tests are of value 
when a rising titer can be demonstrated 
In view of the data of Feldman (1953) 
showing tlie incidence of antibodies m 
normal appearing swine and other domes 
tic animals, a single test is of limned value 

TREATMENT AND CONTROL 

Most treatments ha\e been on an ex 
perimenial basis, however, two groups of 
compounds appear promising, (1) die 
sulfapjTimidines and sulfap>ra2incs, and 


(2) the 2 4' diammopyrimidines, the most 
active being the pyrimethamine The ef 
fective dosage for swine has not been de 
termmed for either of these two drugs 
however, the synergistic action of the two 
makes it possible to use lower dosages if 
they are used in combination No control 
program can be recommended as the exact 
method of transmission in swine is not 
known If the dye test or the complement 
fixation test becomes readily available, the 
purchase of negative titer pigs for replace 
ment to the herd and die elimination of 
animals with a titer should reduce the m 
cidence of the disease 

REMARKS 

The lack of an easy and reliable diag 
nostic test for toxoplasmosis and the large 
numbers of asymptomatic cases make this 
disease a difficult problem The public 
health hazard is a potential threat when 
one considers the fact that toxoplswnia 
has remained viable for at least 25 days 
m body fluids at 4® C 

Eperythrozoenosis 

This condition has also been described 
under the names of Icteroanemia and Ana 
plasmosis like disease There are appar 
ently two species of EperyihrozQon in 
swine, E suis (Splitter, 1950a, b) and £■ 
parvum (Splitter, 1950b). The latter paw 
site IS apparently innocuous, while the 
former is capable of producing a febrile 
disease primarily found in the young am 
ma] 

MORPHOLOGY 

£ sms, the larger of tlie two, averages 
about 0 8/i m diameter but may range up 
to 2 5fi in some instances The more com 
mon shape is the ring form, however, coc 
cus, rod, and budding forms have been 
described These forms are usually 
adherent to tlie red blood cells, alUiougn 
at times they may be free in the plasmji 
C parvum is smaller, averaging about 0 a/* 
in Uic ring form This parasite tends m 
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roncitoi have been described in swine, the 
former from Russia and Tanganyika and 
the latter from Italy. These parasites are 
tick transmitted and resemble the babcsia 
of cattle and dogs in morphology and life 
history. 

Balantidiosis 

There is some disagreement as to the 
validity of species designation of suts for 
the ciliate found in swine. It is this autlior’s 
opinion that, until further evidence is pre- 
sented, it should be considered to be 
Balantidium coU (Afalmsten 1857.) 

MORPHOLOGY 

The motile or trophozoite form is oval 
and varies considerably as to length (30- 
150;x) and width (25-120/i). The entire 
body is covered with spiral longitudinal 
rotvs of cilia. At the anterior end diere is 
a peristome leading to a cytosiome and 
cytopharynx. The posterior end contains 
an indistinct cytopyge or exaetory pore. 


There are two nuclei: a large kidney- 
shaped macronucleus, and a small spherical 
raicronucleus whicli lies in ilie curve of the 
macronucleus. The non-motile cyst stage 
is spherical and varies from *15 to 65^ in 
diameter. 

TRANSMISSION 

Infections are acquired by ingestion of 
ilte cysts or trophozoites as contaminants 
of feed and/or water. 

liSIONS AND CLINICAl SIGNS 

Due to the fact that Balantidium coli is 
found throughout the uorld in boili 
healtlty and diseased pigs, it is hard to 
ascertain the exact lesions and symptoms 
of this condition. This infection may take 
place as a secondary condition to some 
other change sucli as altered intestinal 
flora, stress, etc. Tiie inicciion may be 
found in both the )oungcr and older ani- 
mals and is frequently most severe in 
fat hogs. The initial symptom is a diarrhea 
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such as sodium cacodylate, is advantageous 
for recovery but has no direct effect on the 
parasite As the exact transmitting agent is 
unknown, the control measures should be 
directed against blood sucking arthropods, 
and care should be taken to insure that 
instruments used m swine work are sterile 

REMARKS 

This condition is apparently more preva 
lent than the literature would indicate 
the majority o£ infections being sub dim 
cal in nature Removal of the spleen will 
frequently result m an increase in the 
number of organisms found on the eryth 
rocytes The fact that cold weather tends 
to terminate tlie spread of cases would m 
dicate that an arthropod vector is involved 
This IS strengthened by the fact that Split 
ter (1952) found that E suxs was able to 
survive for 31 days in frozen blood The 
finding of a virus associated with cases of 
anemia as reported by Foote et al (1951) 
does not preclude the fact that there may 
be two conditions with different etiological 
agents but similar symptoms and lesions 
The findings in the two diseases are pn 
manly tliose of hemolytic anemia irre 
spcctive of cause 

Sarcosporidiosts 

The exact taxonomic status of Sarco 
cyslis IS uncertain The more recent work 
seems to indicate that this is a fungus in 
fection rather ilian protozoan Regardless 
of the classification, a brief descnpuon 
uill be given 

MORPHOLOGY 

Sarcocystis micscliertana (K,uhn 1865) is 
found primarily in the striated muscles 
The form found in the muscle is a cystic 
stage wliidi vanes m size depending upon 
the location and age of Uic cyst These 
cysts will vary from microscopic in size up 
to tlic size of a pinhead The cyst, whtcli 
is called a Micschcr s tube, is double walled 
and contains many spores whidi have been 
given the name, Rameys corpuscles These 
spores arc elongated aescents or spindle 


shaped The form is not constant and de 
pends on the number formed in the sac 

TRANSMISSION 

The work of Spmdler et al (1946) in 
dicates that infection in swine probably 
takes place by ingestion of feces from am 
mals that have fed on infected flesh 

LESIONS AND CLINICAL SIGNS 

Most infections are probably unnoticed, 
however, in heavy infections, the animals 
have diarrhea, temperature rise weakness 
in the loin, and posterior paralysis Nec 
ropsy findings are pale kidneys, and hy 
peremia of the stomach and intestinal 
mucx>sa The muscles may be watery, Iigi^ 
oilored and contain small white spots In 
old cases the cysts may be calcified Micro 
scopically, the cysts are found m the con 
neciive tissue between the fibers with little 
cellular infiltration around the viable 
cysts 

DIAGNOSIS 

This condition is diagnosed on necropsy 
examination and histological examination 
of the muscles, primarily the diaphragm 
and heart 

TREATMENT AND CONTROL 

There is no known treatment for this 
condition Control measures are rarely 
necessary, but good nutrition and sanita 
lion to prevent fecal contamination shou 
be practiced 

REMARKS 

The patliological changes due to Sarco 
cysUs may be due to a toxin, ratlier than 
to tlie parasite itself 

Other Sporozoan Diseases 

Other parasites from the class Sporozo^ 
have been reported from areas other tJiT 
North America These conditions arc 
well described, and the exact extent of 
diseases is not known Among these m 
fections Babesia Irautmanrit and B 
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which may be watery and may be intermit 
tent m nature The animal becomes de 
pressed, loses weight and appetite, and may 
have an elevated temperature Death may 
occur m 1 to 3 weeks, but usually the am 
mals slowly recover Stunting may occur 
as a result of the infection in young am 
mals Necropsy reveals extensive colitis In 
severe cases this colitis may be hemorrhagic 
The mucosa is swollen and congested on 
the tips of the folds and may have a ne 
erotic grayish white or yellowish while 
scab like exudate on the surface Micro 
scopic examination reveals the organism 
throughout the exudate, deep in the vilh, 
and in the submucosa 

DIAGNOSIS 

This is accomplished by identification 
of the characteristic trophozoites or cysts 
(m large numbers) in tlie feces or from 
mucosal scrapings of the colon (Figs 29 9, 
29 10, and 29 11) The elimination of viral 


and microbial padiogens should be at- 
tempted 

TREATMENT AND CONTROL 

There is no specific tlierapy for this con 
dition Use of nonspecific symptomatic 
drugs to alleviate the diarrhea and sulfona 
mides and/or antibiotics to prevent second 
ary bacterial invasion should be attempt 
ed Diets high m carbohydrates favor 
growth of the organism while high casein 
diets diminish the number of organisms in 
the intestine 


REMARKS 

This parasite is very important from the 
public health aspect, as in man it causes 
a serious diarrhea The incidence in hu 
mans is confined largely to people having 
close association with swine The use ot 
hoe manure for truck crops should be dis 
couraeed unless the material is sterilized 
Personal hygiene should be promoted 
among persons having contact nith swine 
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CHAPTER 30 


Coal-Tar Poisoning and 
Mercury Poisoning 


Coal-Tar Poisoning 

Coal tar poisoning is an acute and 
fatal disease Its clinical course usually 
progresses -without the appearance ot 
noticeable physical symptoms, death often 
being the first sign of illness Lesions of e 

liver are perhaps the most important mai 
cation of the disease Clay pigeon poison 
ing and pitch poisoning are other name 
used to designate this disease 

ETIOLOGY 

Poisonous substances m coaltar pudi 
are the primary etiological factor i 
specific active principle or princip es i 
coal tar pitch tliat are responsible or i 
poisoning have not been identifie , tcf 
fore, die cause is ascribed to the wa a 
pitdi mixture or compound as a who c 
Qum and Shoeman (1933) desCTi 
disease of die liver m swine as an i 
padiic hemorrhagic hepatitis for whicn a 
cause had not been found, aldiough 
quenily diey implicated clay pigeons 
ham et al (1940) iscre the first to 
that this degenerative liver disease resu 
from the ingestion of fragments o 
pended clay pigeons . . 

After correlating die ingestion ot cia) 
pigeon fragments vsidi die occurrence 
the disease. Graham ct al undertook w 
prove the toxicity of some of the 
material dial was obtained from a 

t 


where pigs had died from coil tar pitch 
poisoning A group of five 9 week old pigs 
were fed a diet compounded from corn 
oats wheal middlings, tankage, minerals 
and cod liver oil to whicli was added a 
measured quantity of powdered clay pi 
econs The test substance was fed at the 
rate of 15 grams per pig per day On die 
foiirdi day ot the trial the pigs refused die 
teed mixture Eacli dien uas gnen 6 gnras 
ot die pottered clay pigeons 8''“ 
capsule for another tiio days All Tne pigs 
died 8 to 20 days later At necropsy, four 
showed evidence of liter injury, but no 
noticeable lesions were observed in the re 
mainiiie pig This placed die burden of 
cause on die clay pigeons Since dicy were 
prepared from a mixlure of finely powdered 
Eone and coal lar pitch, the next move 
was directed to a study of the pitch 

A liquid coal tar preparation was put m 
Relatin capsules and administered to young 
p,gs Thtce grams vtcre given to caiji of 
difce pigs for five successive days and al 
*cd vlithin 10 to 13 days I’tonoiinccd 
diffuse dcgencnlivc cliangcs in die liter 
Efoiiiid at necropsy rlius. dicsc -torlt 
cn concluded that the coal tar 

...adicr eta; (1915). and M.ten 0^6) 
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visible mucous membranes are icteric The 
mucous membranes of the mouth and eyes 
are discolored by die bile pigments in the 
circulating blood The respiratory rate 
may be increased and show a thumpy 
type of breathing Death conies to a high 
proportion of the pigs that manifest symp 
toms 

PATHOLOGICAL CHANGES 

The outstanding lesion observed at 
necropsy m pigs poisoned with coal tar 
pitch IS tlie altered appearance of the liver 
When the abdominal cavity of a pig with 
a typical and fully developed case of coal 
tar pitch poisoning is opened, the greatly 
enlarged liver with a variegated mottling 



FIG 30 2 — L<v«r from pig shown ifi foregrownd 
of Figure 30 1 The pig d ed after 43 days of 
oeing fed ground cloy pigeons Note the cn 
Sorgemenf, the mottled appearance, and the 
roughened hepatic surfoce The mottling in 
some cases is much more extensive than shown 
here (Photograph by H W Donne J 

makes a striking padiological picture It is 
engorged and is quite friable The lobular 
architecture of die liver is very distinct 
Some of the lobules are dark red m color 
and oUiers are yellow with a shading to- 
ward a copper colored tint The intensity of 
die color \aries between these e\iremcs in 
odier affected lobules This accounts for 
die characteristic variegated molding diat 
stands out so sharply W'^hen die hser is 
sliced, die mottling shows up distinctly on 
die cut surfaces An excess of fluid m the 


pentoneal cavity is not uncommon The 
lymph nodes of the abdominal cavity are 
swollen and hemorrhagic As a rule, the 
kidneys are enlarged and turgid and some 
what pale in color No odier significant 
lesions have been found in the other organs 
or tissues The subcutaneous tissues and 
mucous membranes are frequently yellow 
ish or orange in color indicative of a jaun 
diced condiaon The necrosis of the liver 
cells and vascular tissues of the lobules al 
lows bile to enter the circulation Its subse 
quent distribution throughout die body 
produces jaundice 

From die standpoint of microscopic 
changes the lobules are either partially or 
almost completely filled with blood Gen 
erally the hemorrhage begins at the center 
of the lobule and extends toward the pe 
npliery, but sometimes it occurs only in the 
midzonal portion The red cells m some 
lobules show evidence of destruction and 
lysis with the presence of hemosiderin 
Other lobules show the changes character 
isttc of a central necrosis in which die cells 
of the liver cords are swollen and have a 
very granular cytoplasm with small and 
densely stained nuclei Some cells may have 
undergone autolysis and appear as an 
amorphous substance 

TREATMENT 

There is no known treatment for diis 
disease TVhen its presence in a herd is 
recognized it is advisable to determine the 
source of the offending compound and to 
take die necessary steps to prevent die pigs 
from coming in contact with iL 

It is important to know dial a pasture 
can be contaminated witli coal lar pitch for 
long periods of lime The history on one 
of our cases revealed that approximately 55 
)cars prior to Uic time of die occurrence 
of die coal tar pitdi poisoning, an area of 
die pasture where the losses were occurring 
had been used as a larger range for shooting 
clay pigeons. More often however, the Im 
tory indicates diat it is a period of a )car 
or two since the contamination occurred 
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have reported losses m swine from coal tar 
pitch poisoning 

Other sources of coal tar pitch considered 
to be responsible for fatal cases of this liver 
disease have been reported Giffee (1945) 
described cases tliat appeared to have been 
due to the consumption of tar that was 
used for sealing and surfacing a pipeline 
for die transportation of gas The history 
of a case examined by the writer suggests 
a similar source In this instance the af 
fected pigs had ‘ chewed off ’ and consumed 
the tar substance on lumber dismantled 
from a tank that had been used for storing 
water The pigs had access to the tar from 
this source for two or three weeks prior 
to their sudden death In another of our 
cases the cause of death was traced to a 
tarry sludge that contaminated a small area 
of a pasture lot occupied by the affected 
pigs The sludge or residue came from an 
establishment engaged in cleaning and re 
storing steel drum containers which had 
been collected from many different sources 
and which had been used for various pur 
poses A spill-over from a drainage ditch 
that carried wastes from this establishment 
had flooded the area of die pasture and left 
shallow pools of oily water that slowly 
seeped away leaving a tarry sludge or resi 
due on the surface of the soil The source 
vsas not detected until a careful inspection 
of the pasture was undertaken None of the 


pigs in adjoining but uncontaminated lots 
was affected by this disease 

Anotlier interesting case, reported by 
Fenstermacher et al (1945), shows the 
necessity of continuing the search for a 
likely source of coal tar pitch The history 
disclosed tliat the pig had developed a 
habit of eating tarred roofing paper which 
had been placed around the base of several 
farm buildings as a protection against low 
temperatures and frost However, our ex 
perience and the experience of others with 
whom vve have communicated indicate that 
clay pigeons are the source of the toxic com 
pound in most outbreaks 

CLINICAL SIGNS 

The sudden death and rapid clinical 
course of this disease often occur witliout 
the appearance of symptoms of diagnostic 
significance Under these circumstances 
death is the only physical sign indicative 
of the existence of a morbid process How 
ever, some animals live for several hours or 
even days after the clinical onset, in which 
case the affected pigs usually show signs of 
physical weakness and depression They 
are recumbent much of the time and gener 
ally he in the sternal position The res 
piration rate is increased and a tenderness 
over the abdomen can be detected by digi 
tal palpation The disease is afebrile A 
secondary anemia usually develops and tlie 



FIG 30 1 - Two plg» which 

had been fed small amo 
(5 groms) of ground cloy P 
geons m fheir feed dcnlv ^ 
35 days Note the nasal ai* 
charge, lassitude, and los 
flesh (Photograph by n 
Dunne ) 
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PATHOLOGICAL CHANGES 

Gross tissue changes in subacute mer 
cury poisoning are not striking and are of 
little to no diagnostic value In some of 
the more chronic cases that came to our 
notice the kidneys were enlarged and very 
firm in consistency Tliey were also \ery 
pale On histological section, they showed 
an extensive interstitial fibrosis and tubu 
lar degeneration McEntee (1950) records 
a coagulation necrosis of the convoluted 
tubules and also of neurons in the brain 
The colon in some of the induced cases 
showed a pronounced diphtheritic inflam 
matory exudate on the surface of the 
mucosa the latter was also hemorrhagic 

DIAGNOSIS 

On die basis of present information and 
knowledge of mercury poisoning m swine. 
It IS not possible to cite one or more 
or pathological features which would dit 
fercniiate it from other poisons or poison 
ous substances However, by carefully and 
Uioroughly assembling case histones, it wi 
be disclosed in many instances that some o 
the gram the pigs were consuming ha 
been treated with a mercurial fungicide 
This should be strong circumstantial evi 
dence for the existence of mercury poison 
mg The ulumaie diagnosis depends upon 
demonstrating the presence of mercury in 
the tissues, especially of the kidneys an 
liver, from the affected porcine carcass 


the speamens collected from expenmen 
tally induced cases, the least amount found 
was 17 mg of mercury per 100 grams of 
kidney tissue (Fcrrm et al , 1919) 

TREATMENT 

Nothing definite or specific is known 
with respect to die treatment of swine 
poisoned by mercury On the other hand 
if circumstances are sucli that an effort to 
treat seems desirable it is suggested tint 
die pigs be given milk to drink m place of 
water They may also be given two raw 
eggs per CO lb of body weight every 8 hours 
for 3 days Deep intramusculai injections 
of BAL (British anti lewisite) may be bene 
ficial since the drug has the properly of 
inactivating mercury that is already ab 
sorbed (Sollmann 1918) It is dispensed 
as a 10 per cent solution in oil and adminis 
tcred at the rate o£ 1 mg per pound of 
body nciglit and repeated in one to tno 
bours It may be necessary to give a third 
and a lourtli injection but inasmiicli as 
BAL IS to-tic in large amounts, llic third 
and later doses are reduced to 1 '”8 P" 
1 lbs of body tseight and the inters al 
betsseen injections lengthened ‘o 

Poisoning from “ 

allowed to occur in swine Seed grains that 
tasTbeen treated will, any mcreur, eon 
taming liingicide must not be led to swine 
nor m Ollier hseslocl. It is recommended 
lint any surplus ol treated gram be burned 
and the nsh tinned dtep m .he ear.l. 
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Mercury Poisoning 


Poisoning from mercury is not of un 
common occurrence Reports o£ it have 
not been numerous, but ive have reason 
to believe that many cases occur which are 
not properly diagnosed It occurs most 
often in a subacute form but acute cases 
also are recognized For the most part the 
poisoning results from the ingestion of seed 
grains treated with fungicides that contain 
mercury For this reason many cases occur 
in the summer season or several weeks after 
completion of the seeding operations on 
the farm Gastrointestinal, renal, and nerv 
ous disturbances are usually manifested by 
swine suffering from mercury poisoning 
Treatment has not been satisfactory 

ETIOLOGY 

Swine are most frequently exposed to 
mercury in the form of organic and inor 
game mercurial compounds The active 
principles of many fungicides employed m 
the control of fungous diseases of oats, 
wheat, barley, and flax are organic mer 
cunal compounds Both dry and liquid 
preparations containing approximately 2 to 
3 per cent mercury equivalent are available 
for this purpose, and tlien only a small 
amount of Uie fungicide is mixed with the 
gram Taylor (1947) and McEntee (1950) 
report the loss of swine from consuming 
grams tliat had been treated with mercurial 
fungicides The treated grams were fed 
for 6 to 12 weeks before signs of disorder 
ivere manifested The time interval for the 
occurrence of symptoms depends somewhat 
upon the concentration and amount of the 
injurious substance ingested 

In a controlled study of tlie harmful ef 
feels from the ingestion of treated seed 
grams Femn et al (1949) fed to a group 
of pigs, oats that had been treated with a 
fungicide containing the equivalent of ap- 
proximately 2 per cent of mercury The 
fungicidal preparation was mixed with the 
gram according to the recommended pro- 
cedure svhidi i\as i/i oz. to 1 bushel of gram 
It was fed ad libitum After about 20 days 
of feeding, symptoms of illness were ob- 


served, followed by death in another 5 to 
10 days Those that received tlie treated 
gram for only 10 days showed no signs of 
any disorder due to the mercury, and they 
eventually readied market weights Like 
wise, the control pigs that consumed un 
trea^d oats remained healthy at all times 
The chloride of mercury, or calomel, is 
a source of mercury that, at times, may be 
the cause of mercury poisoning Sudi poi 
soning IS usually tlie result of “over dosing 
based upon the questionable premise that 
* if a little IS good, more is better ’ 

CLINICAL SIGNS 

The clinical course of mercury poisoning, 
when physical symptoms are manifested, is 
usually fairly rapid As a rule, swme pot 
soned by mercury die in 5 to 10 days 
the onset of symptoms The course, hovs 
ever, bears a direct relation to the ani^ni 
of the poisonous substance consumed The 
symptoms are not pathognomonic for po* 
soning by mercury, but they are suffiaeh y 
distinctive to suggest that the cause of the 
disorder is of the nature of a poison or a 
poisonous substance This is espeaally true 
of the symptoms present several or more 
hours prior to death . 

Anorexia is usually the first physioa 
symptom to be noticed This is soon o 
lowed by signs of general physical wea 
ness When standing, the pig tends to sway 
from side to side and moves off witli an un 
steady gait McEntee (1950) reports a glo^ 
sopharyngeal paralysis as an early sign 
disturbance of vision is manifested by 
ratic attempts to move about Later 
pig becomes prostrate and produces 
paddling motion with its feet The pig 
semi comatose in this stage and has n 
fe\er Death from uremia usually resu 
from extensive renal damage 

Vomiting, diarrhea, and colicky P*** 
occur in the acute form of mercury 
ing Also a very marked physical 
and prostration is noted in the acute cas 
and death appears to be due to a circu 
tory collapse 
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CHAPTER 31 

Sodium Salt Poisoning 


For more then 100 jeers, salt ^ison.ng 
m swine has been an enignn Tlie hrst 
account m tlie English scientific literatin-e 
o£ the condition appeared m 185G, it de 
scribed a report by a German veterinarian, 

M Adam In the same >ear. Lepper (185()) 

ssrote that as far back as 1816 
served Uie phenomenon assoaated by Adam 
with the feeding of brine At that time 
the symptoms had been attributed to Uie 
stagger bone ’ said to be located in the 
palatine portion of the mouth Attempts 
were made by quacks of the day to cure 
the condition by removing a portion 
bone from this area 

A great many clinical reports of poison 
ing by brine or salted foods appear in t ie 
literature Among the more grap uc e 
scripuons of the condiuon are uiose oy 
Pyatt (1862), Junginger (1887). 
euK (1890), Parker and Brooksbank 
(1949) , Wautie (1935), and Kernkamp 
(1919) 

ETIOLOGY 


Sodium chloride poisoning occurs more 
frequently in swine tlian in any o 
mesuc animal Pigs may be more sus p 
tible to this form of poisoning, ti 
facts that tliey are often fed gar age 
otlier food of unknown composition 
kept m inadequately equipped 
and are victims of all sorts of careless 
bandry may be reasons for the hig ler i 
cidence of the disease m this species 

[i6?] 


Field outbreaks of salt poisoning have 
been assonated widi the ingestion of rock 
salt, pickling brine, salted fish the fallout 
from heavily salted hays, and eveea sodium 
cliloride m buttermilk, whey garbage, and 
commercial feeds One outbreak was due 
to kitchen waste containing powdered soap 
m whicli die offending agent was sodium 
carbonate Insuffinent trough 5" 

can cause pigs to eat quickly and greedily 
and the provision of salt in quantity after 
a period of salt starvation are other fac 
loiTdiat have resulted in die 
toxic doses Diets deficient m cer am nutri 
ents such as vitamin E and sulphur con 

!uscep«bdur°f P'P “ S dTs" 

Sllum propionate (Snuth, 1955a) posv 
dered soap containing sodium 
(Moore, 1898) and sodium lactate (Hjarre 
and Obcl. 1956) 

Unless the duse of salt is *= 

effect of the salt is relame to the 
of water that is consumed by the pig, for 
water apparendy acts as a vdiicle for 
eliminating excess sodium chloride via the 

v^-'nlS: £d.^- ^ 
Smd from die body, can inffuence the 
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and death nithin two days after the salt 
IS consumed 

Acute sodmm salt poisoning more par 
ticularly concerns us here since it is the 
form that usually results from tlie volun 
tary consumption of sodium salt by pigs 
and IS therefore frequently met with in 
die field It is a clear cut. readily recog 
mzable, pathological and clinical entil> 
Pigs that have been given a higb salt, low 
fluid diet show thirst, pruritis. and consti 
pation After 1 to 5 da)S some of them 
will appear blind and deaf, be oblivious 
to their surroundings, show no interest in 
food or drink, and will not respond to 
external stimuli Affected pigs will wander 
around aimlessly, bumping into and push 
ing against objects on reaching a corner, 
a pig may attempt to continue walking 
and force its snout up the wall Orcasion 
ally piBs exhibit pleurothotonus and pt'oj 
around one front or hind foot Force 
circling IS commonly seen At this stage 
of the disease the pig may recover, or 
become comatose and die vvilhin a evv 
hours, or develop epileptiform seizures 
In the majority of animals, epileptiform 
seizures occur (Fig 31 1) with r^arkable 
regularity at 7 minute intervals The onset 
of an attack is signalled by twitcliing 
the snout This is followed m sequence 
by clonus of the neck muscles and circling 
or running movements Occasionally con 



FIG 31 1 -Epilepl.fo™ WP't^ 

volt polioning (Selected frame fro 
Kodochromo motion picture ti 


tractions of tlie cervical muscles result in 
stepwise upward movements of the head 
which will jerk to an almost perpendicular 
position, causing the center of gravity to 
shift involuntarily toward the hind quar 
ters Compensatory efforts to maintain 
normal posture may cause the pig to move 
rapidly backwards like a horse backing a 
heavy load (Fig 31 2) , or it may assume 
a sitting position with the nose pointing 
upwards (Fig 31 1) A seizure lasts up to 
I minute and, in typical cases, ends in pro- 
fuse salivation, rigidity, respiratory arrest 
and cyanosis After an attack the pig may 
collapse and remain in coma tor a variable 
period of time or get up and wander aim 
lessly until the onset of anotlier attack It 
may die during a seizure on die other 
hand, the attacks may suddenly cease to 
occur and, after a short period of read 
justment during which it will regain lU 
sight and take an interest in us surround 
mgs, the pig will appear quite normal 
As a result of evertion during an attack 
pulse and respiration rales iniicase and 
temperature rises, but these rapidly return 
to normal However, in cases occurring in 
hot weather, temperatures up to 108 t 
have been recorded, and death from heat 
stroke can occur unless preventive nieas 
urcs are instituted , 

The characteristic signs have commenced 
as early as 33 hours, and death has oc 
curred L early as 47 hours after a pig was 
placed on a high salt, low fluid tl'"' 
piRS have not shown signs of poison ng un 
Cf die sutdi day of salt feeding and a few 
have recovered 

hibmntr signs for periods up to 7 da>s 
Sth!l9a7) Thcmortalit> ranges from 
0 to 100 per cent, with an average 
reported outbreaks of 3 per cenL 

PATHOLOGICAL CHANGES 

imms 

the cliloride scrum levels arc also 
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toxicity o£ a particular amount of salt 
Sodium salt poisoning can be produced m 
pigs simply by adding pure sodium chlo 
ride to their regular ration and limiting, 
for a time the supply of ivater It can 
occur in pigs receiving as little as 2 5 per 
cent sodium chloride if ivater is given only 
at intervals and the amount restricted On 
the other hand, when a continuous ample 
supply of fresh water is available poison 
ing may not occur in pigs receiving a ra 
tion containing 10 to 13 per cent sodium 
chloride A 20 per cent aqueous solution 
of sodium chloride given by stomach tube 
to 4 month-old pigs at a level higher than 
2 2 gm per kg body weight has caused 
peracute poisoning (Smith, 1955b) 

Following a time on high salt, low fluid 
diet, there appears to be a critical period 
during which the ingestion of a large 
amount of water favors the development 
of salt poisoning On one experiment 1 8 
gm per kg body weight produced the 
classical signs and lesions of acute sodium 
salt poisoning In this case each pig was 
restricted to 2 liters of water on the first 
day after receiving the salt and 2 liters on 
the second and was then given 5 liters on 
die third (Smith, 1957) In field outbreaks 
and m experimental trials, pigs which 
appeared unaffected when die herds were 
first observed, developed signs of poisoning 
16 to 24 hours after the salted feed was 
removed and diey were given free access 
to water (Hjarre and Obel, 1956 Smith 
1955b) Failure to recognize this critical 
relationship between the salt consumed by 
the pig and die amount of fluid taken at 
diat time or die amount taken later prob 
ably accounts for unsuccessful attempts to 
produce the disease (Worden, 1941), the 
great variation in estimation of die toxic 
dose (Glosser et al , 1950, Volker, 1950), 
and the opinion formerly held by some that 
a toxic factor odier than salt was respon 
siblc for die syndrome in swine 

PATHOGENESIS 

The pathogenesis of sodium salt poison 
ing is not fully understood, but present 
knovv ledge indicates dial die sodium ion 


and a body fluid volume disturbance are 
complementary factors It has been pro 
posed (Smith, 1955b, 1957) on the basis of 
known facts that if an excess of salt is 
ingested and water intake is not increased 
immediately, a high blood sodium level 
will be reached and, by a process of im 
peded diffusion, an increased concentra 
tion of sodium in the brain will result 
The blood sodium level will subsequently 
decrease, becoming espeaally low if a large 
amount of water is taken by the pig at this 
stage The osmotic gradient thus created 
may result in edema of the brain and in 
creased intracranial pressure, hence reduc 
tion of the blood supply Utter (1950) 
has proven that sodium is a strong inhibitor 
in the bram of anaerobic glycolysis through 
stimulation of conversion of adenosine 
triphosphate to adenosine monophosphate 
(AMP) and a decreased rate of removal 
of AMP by phosphorylation The resulting 
accumulation of AMP inhibits glycolysis 
The combination of reduced oxygen sup- 
ply resulting from the high intracranial 
pressure and the inhibition of anaerobic 
glycol)sis may cause degeneration of tlie 
specialized tissue of the cerebral cort» 
The clinical signs and the lesions in the 
brain, except the selective attraction of tlie 
eosinophils, may be explained on tins basis 

CLINICAL SIGNS 

There are two forms of sodium salt 
jwisoning in pigs — peracute and acute, 
the peracute occurs when a massive dose 
has been administered, and the acute form 
when lesser amounts of sodium salts arc 
consumed over a period of time and water 
intake is restricted A Unrd syndrome 
called dironic salt poisoning ' and char 
acterized by dehydration, stifTness an 
anorexia, has been described, but invest! 
gallon of the literature and of suspccie 
cases usually suggests tliat clironic w 
poisoning IS due to lack of water ratlier 
than to excessive sodium salt intake 
The signs of peracute sodium salt poison 
ing are great weakness, muscular tremors, 
running movements, prostration, coma. 







FIG 31 3 — D stent on of 
pericellular spaces with 
d ffuse and focal vacuola 
tion indicating edema n 
the inner zone of the cere 
bral cortex X 1 20 
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FIG 31 4 — Many eosino 
ph Is around blood ves 
sels In cerebrum X 120 
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Section V 



FIG. 312 — A characteristic maneuver likened 
to a horse backing a heavy lood Seen during 
seliure in acute salt poisoning. (Selected 
frames from 16 mm. Kodachrome motion pic- 
ture film ) 


ceased to eat and within 24 hours the level 
o£ sodium in the serum may fall to only 
slightly above normal. Eosinophils disap- 
pear from the blood stream at the onset 
o£ the signs. This probably represenu a 
response to the severe stress and therefore 
is not specific. A subsequent increase in 
these cells signals recovery. 

Necropsy. Occasionally the mucous 
membrane of the stomach and intestines is 
inflamed, but they may be normal in 
appearance. Ulcers occur in the gastric 
mucous membrane of pigs that have ex- 
perienced many epileptiform seizures, 
the animal has died shortly after the onset 
of signs, congestion and edema of the 
meninges and the cerebral cortex will e 
observed. 

The microscopic changes occurring in 
the central nervous system are considcre 
to be pathognomonic. These consist o 
a meningoencephalitis characterized y 
edema (Fig. 31.3) and infiltration oi 
eosinophils into the overlying meninges 
and around the blood vessels of the cere 
bral cortex (Fig. 31.4). These alterations 
may be seen most advantageously m pig 
tliat die shortly after the onset of symp 
toms. In very early cases the^ eosinoplu 
will be few in number, and in some sec 
tions are found only in the meninges in 

die depths of the sulci. Polioencepha o- 
malacia with proliferation of vascu ar 
endothelium and glial cells becomes evi 
dent later (Fig. 315). Cystic spaces may 
be formed as the softened tissue is t 
moved by die scavenger cells derived fron 
the rmcroglia (Fig. 31.6). Eosinophils ar 
gradually replaced by round cells. 1 ' 
lesions are seen most frequendy m 
cerebral cortex, principally in that part o 
die cortex which forms die walls of t' 
inner third of the sulci. 

DIAGNOSIS 

In typical cases of sodium salt poisomng| 
diagnosis can be made on the basis o 
clinical signs alone. The clinical 
is similar to diat in enterotoxemia (gni 
edema) , but die altered squeal and re- 
sponse to external stimuli, typical of 
terotoxemia, arc absent. 
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Sodium salt poisoning may be diagnosed 
at necropsy on the basis of tlie microscopic 
changes in the cerebral cortex In acute 
cases the classical eosinophilic meningo 
encephalitis and malacia will be observed 
Increase m the blood serum sodium level 
IS another significant diagnostic feature 
Chemical analyses of the stomach contents 
may reveal excess sodium salt, a negative 
result, however, can be misleading since 
sodium as rapidly absorbed from the gastio 
intestinal tract 

TREATMENT 

There is no specific treatment for salt 
poisoning The efficacy of any treatment 
IS difficult to assess since a dramatic spon 
taneous recovery is frequently observed 
Calcium therapy has been suggested 
Wautie (1935) gave limited data to indi 
cate that Uie blood calcium level is low in 
pigs witli salt poisoning and cited clinical 
experience to show the value of calcium 
gluconate therapy as a specific treatment 
But more recent studies carried out on pigs 
affected with acute salt poisoning have 
shown that the calcium level in the blood 
serum is normal In one trial, a soluuon 
containing dextrose, calcium, and mag 
nesium appeared to be effective in one pig. 
whidi abruptly ceased having seizures and 
made a dramatic recovery, however, others 
treated in the same way faded to respond 
(Smith, 1955b) 

Chloral hydrate has been suggested as a 
specific treatment by Bormann et « 
(1885), who reported favorable results 
from Its use m pigs poisoned by herring 
brine , 

When salt poisoning occurs m ® 
the feed should be replaced immediately 


pending an examination to determine its 
sodium salt content However, a normal 
sodium level in the feed may be misleading 
since signs of illness usually do not appear 
in the pigs until several days after initial 
exposure to excess salt, by which time all 
the salty feed may have been consumed 
Water intake should be strictly con 
trolled The giving of a large amount of 
water at this critical stage may favor the 
development of the disease in tliese animals 
Fresh water «« small amounts at first may 
be given to those pigs whidi are not show 
mg signs In experiments the majority of 
observably affected swine that were not 
oiven fluids recovered spontaneously after 
several days They were kept in a cool 
place and given adequate space and ample 
bedding to prevent injurv during con 
vulsions (Smith 1955b) This suggests that 
pigs showing signs of salt poisoning should 
not be forced to take water since it docs 
not appear to be necessary and under 
certain conditions, may even be Iiarmful 
Drenching must be avoided because ine 
semiconscious pigs are also predisposed to 
mhalauon pneumonia 


PREVENTION 

The amount of sodium salt m the diet 
of pics should be carefully controlled A 
liberal supply of fresh water, other than 
tliat given witJi the feed, sliould be avail 
able to pigs at all times This is particu 
larly important if garbage or other ration 
of unknown composition is being fed Ob- 
servations on experimental animals iiidi 
c-itc that pigs will not voluntarily consume 
sufficient sodium salt to cause poisoning i 
ihcy are given adequate trough space and 
water is available m quantii) 
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FIG 31 5 — Dystrophic col 
cification with prolifero 
tion of endothelial ond 
glial cells indicoting heol 
ing in on area of necrosis 
in the cerebral cortex 
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FIG 316 — Malocio witn 
cyst formolion All 
of the cortex 
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CHAPTER 32 
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University of llltno s 


Toxic Plants, Rodenticides, 

Herbicides, Lead, 

and Yellow Fat Disease 


TOXIC PLANTS 

There are many to\ic plants but a rather 
small number o£ them cause poisoning in 
swine Plants which are especially poison 
ous m the early growth stages or plants 
which contain the toxic principle in the 
roots are most often the cause of such 
poisonings Most of the other toxic planu 
poisonous to swine are rarely consumed 
by tliem due to their feeding habits and 
tlie types of rations fed tliem 

Cocklebur 


following symptoms de\elop depression 
nausea vomition weakness ataxia sub 
normal temperature rapid pulse and rcspi 
rations Spasms of the neck muscles nia> 
occur Death may occur within a few Iiours 
after symptoms appear 

PATHOlOOICAl CHANCES 

Hyperemic areas in the mucosa of Uie 
Stomach and intestine may be found due 
to Uie irritant elTcct of xanthosirumarin 
Petechiac may be found in the cortex of 
the kidney and on die m)ocardiuni 


Xanthiiim penmylvanxcuvi and other 
species These plants are widely distributed 
throughout the world Tliey may be foun 
any place but most cases of poisoning oc 
cur avhen the plants are growing along 
fences banks of streams or diiclies on oscr 
noased land or the beds of dry ponds 
Poisoning of pigs results from their con 
suming the seedlings Ealing of the spiny 
burs may cause meclianical irritation oi 
the intestine and the burs nia) mat to 
gcUicr to cause obstruction 

The seeds and )oung plants while in me 
coi)Icdon stage contain the toxic glucosi 
xanihosu-umarin The amount of xantlio 
sirumarin decreases as the leaves dt\c op 

CUNICAL SIGNS 

Within a few hours after a pig mgcsis 
a toxic amount of cocklcbur seedlings i »c 

[477 


IREATMENT 

Oral administration of mineral or raw 
linseed oil may delay absorption of the 
xanihosuaimarin Intramuscular injecuon 
of 5-30 mg ph>sostignnne ina> produce 
aramatic response in some casts Dosage 
,s tor p.gs from 30 to 2,0 lb It may be 
rencated m 30-00 miiiults IMi)soiti(!mnie 
iwll contract sLcIclal muscle ami aid in 
rccoscry from muscle weakness chancicris 
uc of this poisoning It slous die heart and 
inacascs intestinal moiiht> due to its para 
ssmpadionnmciic effect whidi is pro- 
duced inactivation of cliolinc esterase 

Nightshade 

rhe leaves ami green berries eomain 
icscral ilkaloitis ihc most abundant of 
uinch n the sliicm.Je mlanme I he mil 
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o£ five alkaloids coniine, metliyl coniine 
conhydrine, pseudo conhydrine, and coni 
leine They are found in all parts - roots 
stem, leaves, and seed The root is said to 
contain only a small amount of the toxic 
principle in the spring 

CtINICAL SIGNS 

The acuon is very rapid There is a brief 
period of salivation followed by trembling 
of the flank muscles, depressed respirations 
and rapid weak pulse, muscle weakness 
and paralysis The body temperature may 
rise ieveral degrees There is paralysis of 
the peripheral endings of the motor nerves 
and there is evidence that the dmg also 
has an effect on the sensory nerves Hayashi 
and Muto (1901) have shown the phrenic 
nerve to be more susceptible to the conmm 
alkaloids than are the other motor ner\« 
of the body Death from poison hemlock 
15 due to respiratory failure 

PATHOIOOICAI CHANGES 

This poisoning does not result m any 
typical tissue clianges 


TREATMENT 

The stomacli should be emptied if i>os 
siblc Physostigmme (5-30 mg) should 
be administered subcutaneously and re 
pcaicd m 30 minutes if necessary Utilicni 
respiration is indicated 


St 'John's-wort 

Tins plant is widespread in North 
America and many other counlrics inc 
poisonous principle is a volatile oil ant ' 
fluorescent substances, hypericin ana i) 
pcnciim red Eaimg of ibis phnt "Itcn 
in ihc nowermg stage leads lo pholoscnsili 
nlion and subsequent dcrmatius o me 
unpigmented portions of die skin I 
cvtKisurc lo the sunlight. Animals usual > 
do not eat the plant if other feed « ani 
able Dermatitis docs not dcielop it am 
inaU arc not permitted in the sun ig 

CUNICAL SIGNS 

There IS elevation of bod> «=nii>craiu»c. 
often up to I0 j®F The pulse u rapid a* 


are respirations Some animals may have 
diarrhea "White animals develop a derma 
titis on exposure to sunlight Blisters form 
and often necrosis of the skin and subcu 
taneous tissues occurs 

PATHOIOCICAI CHANGES 

Iiinammatmn in the stonnch and in 
tcstine in addition to the dermatitis and 
possible necrosis of white areas of the 
skin are the characteristic lesions 


treatment 

The animals should be placed where 
tliey ivill not be exposed to the sunlight 
and a sootlnng antiseptic ointment applied 
to the exlernal lesions Any oiniment con 
laming a lanolin or pelrolatum base and 
some antlinlecmc agent is satisfactory A 
ration composed of Tmcly ground gram 
and protein supplement should be pro 


Buttercup 

There are several members of the 

nasiurcs or woodlands where ilicrc » 
pd supply ol moisture 
frail butlcrcup) is very common in pM 
lures and meadows and is probably ibc 
cause ol most cases ol poisoning by bimcr 
TOPS The dried plants seldom conniii nil 
ficiciu acme principle lo cause |Xiisonu.„ 

CUNICAl SIGNS 

There IS evidence ol abdoimiial pain 

Jmou hog, develop diarrhea 

iwitclnng of tire muscles ol tlic cars, nerv 

ousiicss. dyspnea uchycatdia, and pataly 

n? Pip ruD lur “■ ^ ' 

or 3 davs Ixrforc death 

fAIMOlOOlCAt CHANCES 

Inllamuianon of ihc ■‘“l' ‘ill: 

icsnne .. usually severe ‘'rter'"-*' “7 “ 
disu.bured over .he mueom. ahhou„ll 
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on whicli the plant is grown, climate, and 
maturity of the plant influence the amount 
of toxic principle present As the berries 
ripen, the toxic agent gradually decreases 
to nontoxic amounts There are many 
plants in tlie nightshade family capable of 
causing toxicity m pigs The common 
potato, So/flimm tuberoswrij contains sol 
anine and solanidine m the ' eyes ’ and 
new sprouts The black nightshade So 
lantnn nigrum, which is widely distributed 
in the United States is tlie common cause 
of this type of poisoning 

CLINICAL SIGNS 

Poisoned animals show signs of stupe 
faction loss of appetite, constipation, mus 
cular trembling incoordination, convul 
sions and coma Dilation of the pupils and 
rapid pulse and respirations are also noted 
Some poisoned pigs vomit The body 
temperature usually remains normal 

PATHOLOGICAL CHANGES 

Pigs which die suddenly from night 
shade poisoning may show no lesions If 
the animals h\e for some time after symp 
toms of poisoning deselop, extensive m 
filtration of tissues around the kidneys 
with blood tinged serum may occur In 
mature hogs large blood clots may be 
found adjacent to tlie kidney 

DIAGNOSIS 

The toxic principle of tins plant is 
rapidly eliminated by tlie kidneys Urine 
from an animal suspected of being poi 
soned by nightshade may be instilled into 
the eye of a test animal (cat, rabbit dog) 
to determine wlieilier it will dilate tlie 
pupil 

TREATMENT 

Parasympathetic stimulant drugs are in 
dicated One to 5 mg of carbachol (len 
tin) , 5-30 mg of physostignunc, or 10-50 
mg of pilocarpine may be gi\cii by sub 
cutaneous or intramuscular injection and 
repeated at 30-00 minute intervals if neces 
sary 


Water Hemlock 

Water hemlock is an erect branched 
leafy herb with a purple streaked stem up 
to 6 feet tall The roots are large and form 
tubers which may be 3 to 4 mclies long 
The tubers, whicli appear similar to pars 
nips or artichokes, contain the resin like 
acutoxin, the toxic principle The tubere 
of which only a small amount may fatally 
poison an animal, are toxic all seasons o 
the year 

CLINICAL SIGNS 

The following signs are observed in poi 
soned swine frothing at the mouth, nerv 
ousness nausea, vomition, weak and rapiu 
pulse, dyspnea, and intermittent convu 
sions The body temperature increases and 
may be 106° F after a convulsion In fatal 
poisoning the convulsions become more 
violent Death results from respiratory 
failure 

PATHOLOGICAL CHANGES 

No specific dianges due to the toxic 
agent have been reported 

TREATMENT 

An emetic such as 50 ml of 1 per cent 
cupric sulfate, or apomorphine at tlie ra 
of 0 02 mg per pound of body weig 
followed by 30-120 gm of sodium suUate 
may save the animal if a fatal amount o 
tile toxic principle has not been absorbe 
Convulsions may be controlled by gi'tng 
pentobarbital sodium at the rate of 7 mg 
per pound of body weight, or clilora 
hydrate 1 ml 6 per cent solution pc 
pound of body weight These solution 
should be injected intravenously or mtra 
peritoneally 

Poison Hemlock 

This coarse biennial herb has a smooth 
purple spotted stem and leaves that r 
scmble parsley The leaves, when . 

smell like parsnips The root is long a ^ 
resembles a parsnip in appearance 
toxicity of this plant is due lo tlic presd 
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tlie poison Oxygen should be administered, 
but no fluids should be given 


Sodium Fluoroacetote 

This white crystalline, odorless, tasteless 
water soluble chemical has been found 
toxic to all animals The pig is one of the 
domestic animals most susceptible to tlie 
toxic action of this compound, the fatal 
dose being 0 3 mg per kg of body weight 
(McGirr and Papwortli, 1955) Animals 
which eat rodents poisoned by tins com 
pound may get a fatal dose 

It produces its effect by two mechanisms 
(1) stimulation of the central nervous 
system and (2) alteration of cardiac func 
tion which results m cardiac depression 
arrhythmias, and ventricular fibrillation 


CLINICAL SIGNS 

Nausea and vomition may appear in pigs 
30 to 60 minutes after ingesuon of sodium 
fiuoroacetate There is an initial period of 
nervousness and tetanic muscular spasms 
The repeated spasms lead to exhaustion 
followed by toxic depression of respiratory 
and vasomotor centers The tissues become 
cyanotic Pulse rate is very rapid and weak, 
cardiac arrhythmias and general circulatory 
depression rapidly appear There is an 
initial rise in body temperature, but it falls 
and may be subnormal in severely poisoned 
animals 

The course is rapid, death may occur 
within 30 minutes to several hours alter 
symptoms appear Tew animals that e 
velop marked symptoms recover 


PATHOLOGICAL CHANGES 

There are numerous subepicardial 
hemorrhages on a heart wliicli has stoppe 
in diastole The blood is very dark red anu 
tarry in appearance The tissues are v ry 
dark red in color The spleen and liier are 
congested and swollen 


TREATMENT 

To induce vomiting, 50 ml of I pci 
cent cupnc sulfate soluuon should ne an 
ministered orally 


Intravenous administration of pento- 
barbital sodium (15 mg per pound of 
body weight) will overcome the stimulant 
effect of sodium fiuoroacetate on the nerv 
ous system Repeated doses may be neces 
sary Glyceryl monoacetate (monoacetin) 
administered intramuscularly at 0 2 ml per 
pound of body weight every half hour for 
SIX hours has been used to control cardiac 
fibrillation m laboratory animals poisoned 
witli sodium fiuoroacetate (Gleason et al , 
1957) There are no reports on the use of 
this drug in poisonings in pigs 


Red Squill 

Preparations of squill employed as rat 
poisons are derived from the dried bulbs 
of the sea onion Urginea mariUma a plant 
indigenous to Mediterranean countries 
The active principles are glycosides some 
of which have a digitalis like action on 
the heart Squ.ll has the reputation of 
being a safe rodenticide based on its 
unpalatabihly to domestic livestock and 
the fact that usually, svhen consumed it is 
vomited Palatabilily trials show that un 
der normal farm feeding “ 

very unlikely that p.gs would voluntarily 
ea7sulfic.ent red squill bait to be poisoned 
(Fitzpatrick, 1952) 

CUNJCAL SIGNS 

In Pigs poisoned with red squill there is 
hyperesthesia, depression, weakness, ataxia, 
cardiac arrhythmias, cxtrasyslolcs dyspnea 
cyLosis, and paraljsis Vomiung may or 
iay not occur The course of poisoning 
scJoin exceeds 3 days Death occurs as a 
result of cardiac arrest 

Symptoms usually develop iiitlnn S 
hours after ingestion Diarrliea ^ 

sclop in malure swine but it is seldom 
observed m young pigs 
PATHOIOGICAL CHANGES 

Castrius and cnlcnlis arc usually 
marked with congestion, edema henior 
riiage and ollen ukcration of the mucosa 
There IS congesuon of die mesenteric vb 
scls, and the mesenteric glands arc swollen. 
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hemorrhage into the lumen of the intestine 
IS uncommon The lungs are congested 
and petechiae are found on the periphery 
The body temperature shows an initial 
rise, but as paralysis develops it drops to 
subnormal 
TREATMENT 

Mineral oil should be administered to 
act as a protective to the alimentary tract 
It also will act as an intestinal lubricant 
to hasten elimination of the unabsorbed 
toxic principle, anemonal Supportive 
treatment, especially administration of 
glucose, is indicated to maintain the am 
mal, if possible until the effect of the toxic 
principle subsides Twenty per cent glucose 
solution (250-1,500 ml) may be injected 
mtraperitoneally Saline solution or a 
combination of glucose and saline solution 
may be injected mtraperitoneally to mam 
tain the fluid balance 

RODENTICIDES 

Some rodcnticides have the reputation 
of being safe because Uiey arc either 
unpalatable to domestic animals (red 
squill) or repellent to man and domestic 
animals because of odor (zinc phosphide) 
There are, however, severil rodcnticides 
in use whidi are readily ingested by, and 
arc toxic to, domestic animals 

Aniu 

Alpha naphthyl Uiiourea (Antu) is a 
while crystalline powder (most commercial 
prepariuons ha\e a blue-gray tint) whicli 
IS highly insoluble in water, is stable to 
heat and which deteriorates very little m 
dry storage It has no perceptible odor and 
only a transient bitter taste There is van 
ation in susceptibility of some species to 
the toxic action of Amu, depending upon 
age There is, howeser, no evidence indi 
eating sariabihiy of toxic clTccls on pigs 
of different ages Tlie amount of ingcsta 
in die stomach docs appear to influence 
the poieiuial danger from toxicity of Uiis 
compound because an aninnl widi an 
cnipl) sionncli usually \omiis as i result 


of the irritant action of the chemical on 
the gastric mucosa and dierefore may not 
be poisoned 

Tlie course of Antu poisoning is rapid 
most animals die widiin a few hours after 
ingesting the compound A single dose of 
40 mg per kg of body weight may be fatal 
repeated consumption of sub toxic doses 
does not produce symptoms or lesions 
(McGirr and Papwor^, 1955) 

CLINICAL SIGNS 

It kills by Its action on the capillaries 
of the lungs, producing pulmonary edema 
Respiratory symptoms characteristic of 
pulmonary edema — inspiratory and ex 
piratory dyspnea, dullness on percussion, 
and moist rales on auscultation of the 
thorax — develop rapidly Coughing may 
occur The pulse is rapid and heart sounds 
are not distinct Visible tissues beconie 
cyanotic The temperature becomes sub 
normal Diarrhea may develop late in uie 
course of the poisoning The animal be 
comes comatose and dies from hypoxia in 
duced by the drowning pulmonary edema 

PATHOlOCICAl CHANGES 

Edema of the lungs with hydrothorax, 
hyperemia of the tracheal mucosa acute 
gastroenteritis, hyperemia of tlie kidnejs, 
and pale liver are constant changes ob 
served 

DIAGNOSIS 

Chemical examination of tissues and 
fluids may confirm diagnosis The extrac 
tion procedure described by Jones et a 
(1949) gives reliable results if death In* 
occurred or specimens are obtained withm 
24 hours after ingestion of Antu 

TREATMENT 

Effective antidotes are not available 
Prompt emptjing of the stomach by act 
miiustcnng an emetic (50 ml of 1 per cent 
cupric sulfate solution, or apomorplnn*^ 
at the rate of 0 02 mg per jioimd of body 
weight) may reduce further absorption o 
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FIG. 32.1 —Pig fatally 
poisoned with warfarin on 
day before death. Note the 
bleeding at the nose and the 
blood on the sides of its head 
The tongue is protruded and 
the mouth is open in an at- 
tempt to facilitote breathing. 
(Photograph by H. W. Dunne ) 



there may be several liters of blood in the 
peritoneal cavity. 

TREATMENT 

Transfusion of blood from a normal 
healthy pig to the affected pig is the most 
effective treatment. Vitamin K may be ad- 
ministered to stimulate prothrombin pro 
duction. An emulsion of 5 per cent vitamin 
K (phytonadione) in 5 per cent dextrose 
solution, given intravenously, 50 mg. per 
100 lb. of body weight, will quickly^ re- 
verse the hypoprothrombinemia 
1957) . Intramuscular injection of a similar 
dose of vitamin K is effective but not as 
rapid in action as intravenous injection. 


body temperature up to 106° F, tacliy 
cardia, d)-spnea. ner\ousness, convulsions, 
coma, and death Exposure to dimtro 
compounds usually causes a >elIowing of 
the skm around the mouth or on other 
parts of die body where there may base 
been contact. 


FATHOtOOICAl CHANCES 

Yellowish discolorauon of the skin 
around the mouth and of the bncral 

mucosa is almost “ T*'"' 
is acute swelling of the liver and kidneys 
The mucosa of the stomadt and intestine 
may be yellow depending upon Uie interval 
since ingestion of the to-tic agent 


HERBICIDES 

Dinitro Compoundsi Dinitrophenols, 
Dinitroeresols 

These compounds, which are yellow 
crystalline materials, are highly ® 

swine. They are readily absorbed throug 
the skin and lungs. Poisonings can occur 
if animals are sprayed accidentally or a 
access to herbage that has been r^cen y 
sprayed. Residues that remain on wiiage 
whicli has been treated for some time ar 
not dangerous to animals. 

CLINICAL SIGNS 

These compounds cause^ an exiraor^ 
nary increase in the oxidatise processes 
the body. There is a rapid ele\ation o 


TREATMENT 

No specific antidote is available The 
slomaiifsliould be washed with a 5 per cent 
Xion of sodium bicarbonate, leaving 
some of the solution m the stomach. An 
intravenous injection of 5 per cent dex- 
and physiological saline so uuo, 
(250-1 000 ml.) should be given, followed 
bfa stimulant such as calfetne and sodium 
...A m *5-3 trm.) or camphorated oil 
inlramSsciilarly. 

Plant Hormones 

and esters of ilicsc wm- 

IraiUblXculeoralloxiciiysludicsmUie 
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edematous, and congested Kidneys, li\er 
lungs and myocaidium are congested and 
swollen There may be areas of necrosis in 
the Iner and degeneration of the cells in 
the kidney tubules 

TREAT^^ENT 

The animil should be isolated, and 
undue exertion which might further strain 
the impaired circulation should be pre 
\ented Emetics or gastric las age may be 
used if the interval since ingestion of the 
squill indicates that some may remain in 
the stomach 

Thallium Sulfate 

This chemical is used infrequently as a 
rodenticide It has proved to be toxic to all 
species to which it has been administered 
CtlNlCAl SIGNS 

The effect of thallium, is rapid m onset 
It has some local emetic properties and 
pigs may \omit after ingesting it Saliva 
tion, evidence of abdominal pain, diarrhea 
dyspnea, tachycardia weakness, impaired 
vision, hyperesthesia, convulsions, and 
coma are observed m this type of poison 
mg Animals which recover from thallium 
poisoning are often blind and may lose 
most of their hair In chronic poisoning 
there is loss of hair, reddening of the skin 
and moist eczema about the eyes and 
mouth in addition to the other symptoms 
described 

PATHOLOGICAL CHANGES 

The mucosa of the tongue and mouth 
may be hyperermc if death is sudden There 
may be ulcerative stomatitis if the animal 
lives for some time after poisoning There 
is ulcerative gastritis and enteritis and de 
generation of the kidney tubules 

TREATMENT 

Sodium or magnesium sulfate {25-125 
gm) should be given to produce catharsis 
Demulcents such as milk or bismuth sub 
nitrate may be given Intravenous admmis 
tration of 20—10 ml of 1 per cent solution 
of sodium iodide followed by 40-00 ml of 
10 per cent sodium tliiosulfate to eliminate 


die thallium is relauvely effective Injec 
tions of calcium gluconate or other cal 
cium preparation and a parasympathetic 
stimulant such as pilocarpine (10-50 mg) 
antagonize the action of thallium 

Warfarin 

Warfarin (3 a phenyl (3 acetylethyl 4-hy 
droxy coumann) is a tasteless, odorless 
chemical which inhibits the formation of 
prothrombin and causes capillary heraor 
rhage 

It IS closely related cliemically to di 
coumann which has been isolated from 
moldy sweet clover hay It is potentially 
dangerous to all classes of animals and 
birds The lethal dose of Warfarin for 
swine has not been determined, but tins 
species is very susceptible to its toxic 
properties (McGirr and Papworth, 1955) 
Poisonings have occurred from accidental 
contamination of feed (Reihart and Rci 
hart, 1952), consumption of treated meal 
or malicious use of the chemical 

ClINICAl SIGNS 

Evidences of Warfarin toxicity are^ slow 
monset It does not destroy vitamin K> but 
evidence suggests it competes with it lU 
enzyme systems essential for protlirorabm 
production Although it inhibits forma 
tion of prothrombin in the liver almost 
immediately after ingestion, tlie prolhrom 
bin present in the plasma must be ex 
hausted before evidence of poisoning up- 
pears This requires 24 to 48 hours de 
pending upon the age and condition o 
die animal Lameness, anemia, swellings 
on the legs or parts of the body that may 
have been bruised, and rapid respiration 
and heart beat are apparent m most pigs 
poisoned with Warfarin Occasionally there 
IS some bleeding from body openings 

PATHOlOGICAl CHANGES 

Examination of the blood reveals a los*^ 
erytlirocyte count and prolonged dotting 
time There is usually some free blood in 
the body cavities Hemorrhages may 
found m almost any tissue of the bod)« 
particularly the lungs In mature hogs 
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tion in the intestine is hemorrhagic in 
character and slireds o£ raucous membrane 
may be eliminated The animals become 
dehydrated although they usually drink 
large quantities of uater There is marked 
distress due to die abdominal pain The 
body temperature may be elevated 3 to 4 
degrees Affected animals may be down 
and unable to rise Chronic poisoning 
causes symptoms similar to diose of acute 
poisoning, but die onset is more insidious 
and therefore may be misleading 

PATHOLOGICAL CHANGES 

The gastrointestinal tract is edematous 
and hemorrhagic The mucous membrane 
may have sloughed from areas of the in 
testine, and in seveie poisoning diere may 
be perforation of die stomach or intestinal 
wall There are areas of focal necrosis in 
the liver and degeneration of tubule cells 
m the kidneys Some tubules may be 
blocked with coagulated protein The 
spleen is congested and enlarged The 
lungs are also congested There are 
petechiae under die endocardium and ec 
chymosis on die left ventricle 

DIAGNOSIS 

Chemical examination of liver or kidney 
tissue, or stomach contents obtained a 
necropsy, may confirm diagnosis E\amma 
tion of urine by the Reinsch test may 
aid m diagnosis 
TREATMENT 

If ume since exposure has been short 
enough to indicate that arsenic may sti 
be in the alimentary tract, treatment s lou 
be directed toward removal of die mate 
rial by administration of an antidote, 
lavage, or a cathartic A protein materia 
such as egg white may serve as a tempor^ 
antidote Since the arsenic protein com i 
nation is a rather loose one, it must e 
promptly removed to be of much value 
Lavage is die best procedure for su 
removal Dimercaprol (Bal) is die trea 
ment of choice Two mg per pound ol 
body weight injected intramuscularly is 
the recommended dosage This dosage 


should be repeated at 4 hour intervals the 
first 24 hours and daily thereafter until 
recovery Intravenous injection of 10-20 
ml of a 25 per cent solution of sodium 
thiosulfate is considered of value if ad 
ministered before marked symptoms ap 
pear 


LEAD 

Paint containing lead discarded bat 
teries and contaminated vegetation con 
tamers or water are the main sources of 
lead poisoning 


ClINlCAL SIGNS 

Symptoms develop rapidly in joung pigs 
but may be slow in onset in mature hogs 
There is loss of appetite and evidence of 
gastroenteritis witli passage of grayish 
tthite feces The feces may become very 
dark gray and be tinged with blood There 
is salivation champing the jaws frenzy 
blindness convulsions coma and death 
Mature animals usually have diarrhea and 
show incoordination especially in the hind 
legs, blindness, prostration, and deatli 


PATHOLOGICAL CHANGES 

Hemorrhagic gastroentenlis is a fairly 
conslant finding The liver may be pale 
and degenerated witli areas of necrosis 
Renal hyperemia with hemorrhage and 
subepicardial and subendocardial hemor 
rhage are commonly observed Exaniina 
non of blood cells reveals suppling of the 
ervlhrocvtes 


DIAGNOSIS 

Blood from an alfected animal may be 
analyzed for lead content by the mcdiod 
recommended by Hammond et d (lOjb) 
Tissue (liver) obtained at necropsy may 
also be analyzed by the same method to 
confirm clinical diagnosis 


:NT 

itment of lead poisoning consists m 
as the source of lead and in remov 
o’ lead from the digcstiie_ tract by 
magnesium sulfate (25-1-5 pu ) 
as solution Proicin in die form of 
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dog indicate the LD^o 100 rng per kg 
of bod> weight The dosage necessary to 
produce toxicity in laboratory animals is 
greater than tliat for the dog 

Results of observations made when 
swine were pastured m areas freshly 
treated with 2 4 D ox 2,4,5 T indicate that 
there is no hazard of toxicity involved 
(Grigsby and Farwell, 1950) The only 
possible danger results from an acaimula 
non of nitrites in certain weeds such as 
pigweeds and ragweeds which have been 
sprayed v\ith these compounds (see Ni 
trates) 

As a group these chemicals have been 
shown to be nontoxic to experimental and 
farm animals under practical conditions 
When large doses have been administered 
experimentally, depression with loss of ap 
petite, accompanied by loss of weight 
muscular weakness and incoordination 
have been noted 

Nitrates 

Nitrates are not as toxic as are nitrites 
Tlie nitrates are not as readily converted 
to nitrites in the alimentary tract of swine 
as in ruminants Definite information on 
the minimum toxic dose of nitrate for 
swine IS not available A common source 
of nitrate poisoning m swine is the nitrate 
fertilizers There is a possibility that forage 
which has been sprayed with a herbicide 
may contain an excess amount of nitrate 
but a number of factors, such as amount 
of nitrogen in die soil, available moisture, 
and temperature, appear to influence the 
change m nitrate content Immature bar 
le), pigvvced, and frosted beet tops are pos 
sible plant sources of nitrates Nitrate 
poisoning from water supplies is due to 
pollution of tlie water by drainage from 
barnyards or other places of manure con 
ccntraiion or drainage from Helds recently 
treated with nitrate fertilizers Some water 
supplies naturally contain abnormal 
amounts of nitrates or nitrites 

CLINICAI SIGNS 

The initial symptoms arc iliosc of gastro 
enteritis due to the irritant effect of the 


chemical There is an increase m respira 
tory rate, and the pulse becomes rapid and 
weak Salivation, dilation of tlie pupils, 
polyuria and opisthotonos are charactens 
tic of tins type of poisoning Weakness 
ataxia, and cyanosis develop due to con 
version of hemoglobin to methemoglobin 
by the nitrite ion resulting m tissue anoxia 
and to the low blood pressure resulting 
from action of nitrite on the blood vessels 

PATHOlOGlCAl CHANGES 

The blood is a chocolate brown color 
due to the methemoglobin Gastric and in 
testinal mucosa are often hemorrhagic In 
some animals there are erosions in tlie 
gastric mucosa Petechiae may be found on 
serous surfaces Areas of emphysema are 
found in the lungs The liver and kidneys 
are hyperemic but have color similar to 
that of the blood The heart and lungs 
may also be chocolate brown in color 

TREATMENT 

Intravenous injection of 4 mg o£ metliyl 
ene blue per pound of body weight m a 
4 per cent solution to convert the metliemo 
globm to hemoglobin is recommende 
(Link, 1957) Oral administration oi 
mineral oil or other protective for 
gastric and intestinal mucosa is indicate 

Arsenic 

Some herbicides contain arsenic allhongh 
there are other sources of arsenic to v'^ 
swine may have access Several msectici 
contain arsenic and are a common sourc 
of arsenic poisoning 
CLINICAL SIGNS 

Acute poisoning usually is observed a 
few hours after exposure The first sigi 
are nervousness, muscle twitching, iremo t 
nasal discharge, diarrhea, and vvcakncs 
The pulse is feeble and fast Inflanunauo^ 
of the stomach and intestine is j 
by edema, then by rupture of the b‘ 
vessels and necrosis of epithelial and so 
cpitliclial tissues There may be 
of die sioinacli or intestine The pro ^ 
diarrhea vvlucli results from the inllamni 
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milk or egg while may be administered 
orallv to precipitate the lead as an al 
buminate Tannic acid (5-15 gm) may 
also be administered to induce the pre 
cipitation of lead tannaie Edathamil lias 
been used to accelerate the elimination of 
lead m acutely or chronically poisoned 
calves (Holm ei al . 1953) They employed 
a dosage of 33 mg per pound of body 
vveight repeated daily for 3 to 7 days 
Hammond and Sorensen (1957) adminis 
tered 100 mg per pound of body weight 
per day divided into two doses and con 
tinued for 10 to 14 days Edathamil can 
be injected intravenously, subcutaneously 
or intrapentoneally The use of tins drug 
in swine has not been reported but it ap 
pears that it should act as a chelating 
agent m this species Administration of 20 
per cent calcium borogluconate (50 ml 
per 100 lb of body weight) favors deposi 
lion of lead in the bones where it is not 
acutely toxic (Merck Veterinary Manual, 
1955) 

YELLOW EAT DISEASE 

For many years inspectors have noted 
swine carcasses that have yellow or grayish 
yellow adipose tissue (Gorham et al , 
19jI) Investigators have reported that 
feeding pigs fish fat, fish scraps, or refuse 
from fish canneries resulted in yellow adi 
pose tissue and a fishy odor in die flesh 
Present knowledge indicates iliat two nutri 
tional factors — (1) excessive amount of 
highly unsaturated glycerides and (2) m 
adequate amounts of tocopherols — are 
necessary for tlie acid fast pigment to ac 
cumulate in the adipose tissue (Mason et 
al, 1916) Approximately 80 per cent of 
the fatty aads in the body fat of halibut 


and salmon are of the unsaturated type 
(Hilditch, 1947) 

CUNICAl SIGNS 

Pigs fed a ration whicli contains a large 
amount of fish scrap develop a rough hair 
coat, lassitude, weakness, and pale mucous 
membranes Most affected pigs have a poor 
appetite and do not gam well and some 
show occasional lameness A catarrhal 
ocular exudate is common Some pigs feu 
a ration which contains a large amount of 
fish scraps die suddenly The cause of death 
in such cases has not been explained, but it 
IS presumed to be due to the presence o 
something in the fish scrap There is hypo 
chromic anemia 

PATHOLOGICAL CHANGES 

The body fat has a lemon yellow color 
the skeletal and cardiac musculature are a 
pale red color and friable Abdoniina 
lymph nodes are swollen, edematous, an 
may have some small scattered hemor 
rhages The liver has a tan color, indicating 
marked fatty changes The kidneys or 
also a pale red, and on cross section tn 
medulla has a greenish tint The mucou 
membianes of the stomacli and intestm 
are hyperemic The erytlirocyte count is 
m the normal range, but severely affecie 
animals have low hemoglobin levels 

TREATMENT 

Removal from the ration of the un 
saturated fatty acids of fish origin plus t 
feeding of 500-700 mg per day of locop 
erols should permit correction of tlie co» 
dtuon Considerable time will be require 
for removal of all of the acid fast pigiucn 
from the tissue 
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Botulism 


Botulism IS a highly fatal disease caused 
by the toxins of Clostridium botuUnum 
(or Cl paraboiulinum) and characterized 
by a rapidly progressive motor paralysis 
It IS not a bacterial infection, but rather 
an intoxication caused by ingestion of the 
pre formed toxins, usually in decompose 
or "spoiled" animal or vegetable 
As a disease of man, it was first ascribe o 
the eating of blood sausage Dolman 
(1957) states Uiat • die poisonous tenden 
cies of blood sausage have been recognize 
m Europe for over 1,000 jears, judging by 
ancient edicts warning against iheir con 
sumption The peculiar form of ne 
paralysis liable to follosv eating su 
sausages was first accurately describe 
Wurttemberg in 1735. while the actum 
term botulismus, or sausage poisoning, ap 
peared m the medical litcniurc of sou 
ern Germany about 150 )cars ago 
18110 the poet physician Jusiinus h-erner 
published a treatise on botulism, » 
details of the symptomatology an *“ 
dcncc of the disease, and asserting t la 
such disasters the noxious agent ha 
vclojicd within die sausage • ^ 

lure of this noxious causative ^ent ' 
first demonstrated by Van Eriiieiig 

As a disease of domestic animals 
been recognized since 1917 when 
et at recognized ii in horses, and Die 
ami Buckley and Sluppcn iwiiUed out me 
siriling similarity between botulism 

I 


man, ‘ limber neck in chickens and for 
age poisoning’ in horses Largely through 
the work of Graliam and his associates, it 
became evident that at least some of the 
outbreaks diagnosed as 'forage poisoning 
m horses actually were due to the toxins 
of Cl botuhnum Of course, many others 
undoubtedly were enccplnlitcs of viral 
origin In 1920 Hart described an out 
break in a large flock of cliickcns and 

many such outbreaks of 'limber neck or 

botulism, have since been observed Botii 
lism m other species seems to be relatively 
infrequent Tins ts due in part, at least 
to resistance to tlic toxin (Dacl. and Cib- 
bard. 192Ca). but perhaps in part also to 
odlcr factors such as feeding habits I or 
example, there is csuleuce that ectia u 
outhreaVs in cattle base hccu caused h) 
feeding on carrion as a result of pcrscrsion 
of appetite due to mineral dcnciciic) 
(Thcdcr, 1027, Schmidt, 1930, llcnnclls 
ind Hall. I93S Sutherland, ^'7 

caent, cattle, sheep, sisine, do- s, and cals 
arc commonly regarded as tclaiiscl) re 

i=5,-='vSS 
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e\idence that exotoxm is liberated Avhen 
the bacteria undergo l>sis Whether the 
apparent slight absorption of toxin from 
the intestinal tract of the pig is related 
to its presence chiefly in colloidal rather 
than soluble form remains to be demon 
strated 

As early as 1920 21, Dickson and She\Ty 
observed that in cats, dogs, and rabbits 
botulinum toxin did not impair the upper 
or lower neurons of the skeletal motor 
nerve supply nor affect tlie spinal reflex 
arcs of the extremities They concluded 
that tlie nerve impulses were blocked in 
the nerves of the nonsympathetic portion 
of the involuntary nervous system and that 
the blocking was of a temporary nature 
not due to organic destruction of neixe 
elements Guyton and MacDonald (1947) 
later concluded that the toxin probably 
has no primary action on eitlier muscle 
or nerve trunk, but causes increased delay 
of action potential at the mjoneural junc 
tion and proximal to the acetylcholine 
producing organ, probably eiUier in the 
proximal portion of the end plate or in 
the terminal fibrils 

Naturally and artifiaally affected am 
nials appear to be affected alike After the 
latent, or incubation, period of 8 to 7- 
hours, a progressive weakness of die \o un 
tary muscles appears, usually beginning in 
die head and neck regions and spreading 
backward over die body The weakness 
leading to paralysis is manifested m is 
turbance of several functions Most o vi 
ous, of course, is the disturbance of loco- 
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mouon Weakness m the forelegs often 
appears first, followed by involvement of 
the hind legs and ultimately prostration 
due to complete paralysis of all limbs The 
muscles of deglutition are often affected 
resulting in inability to swallovs and in 
salivation The ears may droop more than 
usual adding to the appearance of depres 
Sion Vision may be impaired Superficial 
reflexes appear to be affected onlv in that 
the motor responses become progicssivcly 
weaker The activity of smooth muscle 
does not appear to be affected The chief 
effects upon the circulatory system arc ar 
rydmiia and tachycardia (Qiun 1916) 
Utimatc involvement of the respiratory 
muscles results in c>anosis and otlicr cvi 
dences of anoxia and finallv dcaili bv 
asphyxia An interesting observation on 
the terminal asphyxia was made bv Ilamrc 
(19-11) After she gave 100 mouse MLDs 
of partially purified boiulmum louii to 
chicUn cmbr)OS on the 1 1 ill l Olh end 
I8Ui dais of incubation significant in 
crease in mortality did not occur uiiul the 
20tli day of incubation die time u ben 
pulmonary respiration is being cslablislicd 
Tins suggests that cJiiacn “ 

well as otlier animals, probably die of 
respiratory failure The fcii cases of boiu 
lism ultich sursisc may require uccbi or 
csen inonUis lor complete resloralioii 

PATHOIOCICAI CHANCES 

Dcscrililions of the finer Iciioiis of bom 
|.sm in siMiic arc apparently 
Somettmes desenbed as a Ics.o.ilesi d scale. 
It is probable dial, on die bans of it> ct“- 
pomie ...iponance no one lias ‘ 

fied in ms cst, gating it 

Mcnioisitsch (1920) reported tliat cx en 
mentally prodiicr.1 

S bt'dc“t.uc.‘.o,r'o^ Null firanules^nl 
£",tmoftbe"Vm:.mnO:n.cXVa^ 

K vr::rf 

t .!«irucme acuoi. on lUc 
^ f.jliilv in the tcnuolobuUr fiKJUon* 

K"dsa‘tuol.ramnu.up....c.I.'e 
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(1955) . IS that it is of no great importance, 
Sutherland (1955) regards it as occurring 
\ery rarely if at all Hagan and Bruner 
(1957) concur 

Cl botuhnum is widely distributed m 
nature being found in soils especially 
those well fertilized, and in fruits, vege 
tables insects, carrion, hog manure, 
aquatic and emergent vegetation, and 
moldy hay (Dickson, 1916 Quortrup and 
Holt 1941 Cook, 1945) 

ETIOLOGY 

The organism responsible for the pro 
duction of the toxins causing botulism is 
generally referred to as Cl botuhnum 
{Bacillus botulinus) On the basis of its 
proteolytic abilities, it is now commonly 
subdivided into tv,o groups and designated 
as either Ci botuhnum (non proteolytic) 
or Cl patabotuhnum (proteolytic) How 
ever, for purposes of general reference 
they will be referred to collectively herein 
under the term Cl botuhnum 

Cl botuhnum is a motile rod shaped 
organism, generally 0 6-1^ wide and 4-8^ 
long It IS Gram positive, particularly 
when young, and occurs singly or m short 
chains. Spores are generally terminal or 
subtenninal Growth requires rather 
strictly anaerobic conditions Liver serves 
as an excellent enrichment factor Deep 
agar colonies are fluffy in appearance 
Glucose, levulose, and maltose are fer 
mented witli the formation of aad and 
gas ivhile the reactions in other carbo 
hydrate media are rather variable Gelaitm 
is rather rapidly liquefied As would be 
antiapaied, the effects of growth in pro 
tein rich media such as litmus milk, serum, 
or egg albumen are variable, those strains 
designated as Cl parabotuhnum produang 
change by tlieir proteolytic activities 
Growtli occurs within a wide range of 
temperatures up to body temperature, but 
IS perhaps optimal at about 30° C (Hagan 
and Bruner, 1957, kelser and Sclioening, 
1948, Mercliant and Packer, 1956) 

PATHOGENESIS AND CLINICAL SIGNS 
As indicated above botulism is funda 
mentally an intoxication rather than an 


infection This is in spite of the fact that 
massive doses of toxin free spores may 
rarely result in sufficient germination, 
multiplication, and toxin liberation m 
VIVO to produce the disease (Coleman and 
Meyer, 1922, Stann and Dack, 1925) 
Several types of botuhnum toxin (A B 
C, D, and E) have been described as well 
as some sub types (Co and Cj,) Variation 
m cultural features does not appear to be 
too closely related to type of toxin pro- 
duced, eg, type B toxin may be formed 
by proteolytic or non proteolytic strains 
while among either proteolytic or non 
proteolytic strains more than one type of 
toxin may be formed 

Even though the toxin is said to resist 
a degree of acidity equivalent to that of 
the gastric juice and not to be clianged 
in toxicity by the action of pepsin or 
trypsm (Bronfenbrenner and Schlesinger, 
1924), Dack and Gibbard (1926a) found 
pigs particularly resistant to oral doses of 
the toxin This may be due to the fact 
that there is only slight absorption to toxin 
through the small intestine of the p>g 
(Dack and Gibbard, 1926b) Also there 
is a possibibty that the bacterial flora of 
the pigs intestine has a deleterious effect 
on the toxin (Sherman et al , 1927) 

Swab and Herbert (1933) concluded that 
the toxin itself is a general protoplasmic 
poison which has a selective action on 
peripheral nerves and striated muscle us 
sues especially die former It is elaborated 
witlnn the bacterial cell m intimate associ 
aiion witli the bacterial globulin Nelson 
(1927) believed it to be released into the 
surrounding medium by death and disinte 
gration of tlie cell, thus, in this sense, h 
would not be considered a true secretion 
He found tliat it could be separated from 
the globulin by peptic digestion and con 
eluded that it is not identical with that 
substance Boroff et al (1952), obtained 
type D toxin in both colloidal and soluble 
forms They were able to split the soluble 
form (exotoxm) off from the colloidal 
parudes by the action of ultrasonic waves 
in the presence of catalase They believed 
Uiat the colloidal form is Uie precursor o| 
the soluble toxin and offered addiuooa 
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occur in the same fashion as in contagious 
diseases Clostridium botulinum may oc 
cur in swine feces but there is no evidence 
that ingestion of small numbers of the 
bacilli alone will cause the disease under 
natural conditions However, swine could 
serve as a reservoir of contamination 
(Burov et al , 1937) 

Production of the pre formed to\in ap 
patently depends upon getting the right 
organism in the right medium and under 
the right conditions of temperature, an 
aerobiosis, etc For example, milk and 
other dairy products seldom act as dis 
seminating agents, probably because some 
of the bacteria commonly found m milk 
such as Streptococcus lactis and Lactobacil 
lus easel, are capable of destroying the 
toxin (Sherman et al , 1928) 

Spoiled canned goods, spoiled garbage, 
and carrion appear to be the more com 
monly incriminated media m which boiu 
hnum toxin is formed Thus m spue of 
tile fact that swine are relauvely resistant 
to the action of the toxin, tliey should not 
knowingly be permitted to ingest such 
media Since botulinum toxin is quite 
thcrmolabile, cooking of garbage at 212* F 


for 30 minutes, according to regulations 
commonly set up for the control of vesicu 
lar exanthema, should destroy die toxin 
The spores on the odier hand, ha\e 
great diermal resistance It apparently 
vanes with the strain and widi pH and 
other conditions of the medium Esty 
(1923) found them to be among the more 
resistant of bacterial spores and reported 
the maximum heat resistance in a plios 


phate soluuon of pH 7 0 to be 330 minutes 
at 100° C, 110 minutes at 105° C 33 
minutes at IIOOC 11 minutes at I15°C, 
and 4 minutes at 120° C These intervals 
represented the time in minutes at uhicli 
no spores survived Tanner and Dack 
(1922) found considerably greater sur 
vival times under conditions of drv heat 
Freezing has htilc deleterious effect on 
either spores or toxin (James 1933) 

In view of die ubiquity of Cl botuhnutn 
and us abduy to survive under most 
natural conditions dicrc seems to be htde 
hope of completely eradicating 
On the odier hand, die disease should be 
permuted lo occur only under uncoiurol 
lablc circumstances 


REFERENCES 

n US JOaS anlibiotio on 

Th.cnc«otd,s=...vMU,.co„ .ICPO...CT 


Oolulmum ivpc w . ,024 The «u«i 01 , 

IlLUKr G S 1923 Dormancy .n »^r« M 5 1937 Role ol an nul. in >| 

Bc-wn A E. Demsov N J nat^ ^ ^ f,i» ot 

boiuhsm Ann MccluiiKo Insl 6 - olocnationi on iJic pailo^c ) 

COLXMAN C E. A>D MtVL* ^ .fn.fiurri ItUm If* 

bolu/muj \ Jour Infccl 6oru/mum and C/oilnJiu 

Cook. E W 1913 The Umf 't»*‘ »>««"* ,„c al reciuafT iratl ol 

ccnain plou ot soil Studies on hoiuhnum loxm 

DACk G M A**** CIDBABO. J , |nf«t and hoT* to U>tulnuin 

toxin Jour Infect Du ’f* joc. txner Dot and Mol 'J . V„„ yjbJi. 

Kn'.” v- - n 

.ASpSuttsv R BoLaiid 'fed Ufj! }, OfS*** 

[ilkin the hvini; tmucs. ' 

Douxian' E: a. ^ 1957 The ® p ^ ^ ,„uf 1 uU*e ib- 

MonoRta, h ^cnoa M«l »‘JR 
Lirr.J R« 19X3 Tlie heal jesiuantc o» 



492 Section V TOXEMIAS AND POISONINGS 


cell avails and some areas o£ complete 
ncCTosis The extent of the applicability 
of these observations to swine remains to 
be shown 

DIAGNOSIS 

Diagnosis of botulism is generally based 
upon histor) s)mptoms, absence of gross 
lesions and the finding of a suspect source 
of toxin Occasionally the source of toxin 
can be demonstrated m the stomach of 
the animal dead from the intoxication 
For example, the eating of carrion con 
taming maggots can sometimes be de 
termined at neaopsy When this is true. 

It may lead to the source 

Orr, as early as 1921 used mice to test 
for the presence of the toxin and control 
mice injected witli ilte then known types 
of 'iniitoxm to determine the type of 
toxin present This procedure is still of 
paramount value in specific diagnosis 
Kclscr (1923) then reported that die 
complement fixation test could be used to 
identify the organism and us toxin in cul 
lure and m canned foodstuffs 
Cl bolultnum occasionally may be iso- 
lated from animals with botulism, but 
not with suflicicnt regularity to be of 
much value as a diagnostic procedure 
Therefore negative results do not preclude 
the possibility of botulism 

Burke (1923) found that the spores 
sometimes go through periods of dormancy 
outside the body during which they do 
not vegetate readily —periods as long as 
92 days in agar and 144 days m broth 
This phenomenon may account for nega 
tivc results when some supposedly spore 
containing materials arc cultured Thus 
the practical and specific diagnosis of botu 
lull) requires (1) consideration of his 
lory, clinical sigm, and negative necropsy 
findings, and (2) finding Uic source of 
toxin, demonstrating its presence by patlio- 
gcnicit) tests, and typing it by cross-pro- 
tccuoii tests 

TREATMENT 

Ireiimcnt of botulism dcjxmds upon 
ilic early use of antitoxin m massive quan 
titles (Guyton and MacDonald, 1917) 


However, certain factors may justify modi 
fication of this generalization In cases in 
which large numbers of the bacteria have 
been ingested along with tlie toxin anti 
bacterial tlierapy may be of some value 
(Kudo, 1931) Since antibacterial serum 
IS not freely available, one is limited 
largely to the use of antibiotics effective 
against Clostridium Among these (An 
dersen et al , 1953) Aureomyem and Ter 
ramycin are the most readily available 
It has been demonstrated experimentally 
that botulism intoxication proceeds much 
more slowly when the subject is under the 
influence of anesthetics or sedatives, and 
their use has been suggested to permit 
more time for the action of the antitoxin 
to take place Since there is not enough 
lime for typing the toxin, practical therapy 
involves use of a polyvalent antitoxin 
Soaps or oils administered by stomacli tube 
or by enema may tend to reduce absorp 
tion of toxin and hasten emptying of tlie 
tract, however, tins or any of the treat 
ments must be administered early for bene- 
fiaal results 

Thus an all out attempt to save a valu 
able animal might include immediate ad 
ministration of (1) soaps or oils by 
stomach tube, (2) broad spectrum anti 
biotic, and (3) anesthetic or sedative, and 
maintenance of effective levels of all until 
(4) the polyvalent antitoxin can be ob- 
tained and administered m massive dose 
and until the outcome is assured 

IMMUNITY 

While the toxin of Clostridtum bolu 
hnum IS immunogenic and may be use 
to produce not only antitoxins but 
toxoids (Sterne and \Ventzcl, 19 j 0 ), die 
use of sucli products m swine is not prac 
iical, even m garbage feeding enterprises 
It IS rendered impractical by cost and die 
low incidence of the disease wliicli. nj 
turn, 15 apparently due to die natura 
resistance of swine to botulism 

EPIZOOTIOLOGY AND CONTROL 

Since botulism is an inioxicatioti, oe 
cumng usually as a result of ingcslioii ot 
pre formed toxin, transmission does 
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CHAPTER 34 


Edema Disease 


edema disease o£ swine is also known as 
enterotoxemia, gut edema, gastric edema, 
and edema of the bowel No other animal 
species is known to exhibit the same set of 
circumstances, symptoms, and padiological 
changes which cliaracterize the disease m 
swine 

The condition was first described y 
Shanks (1938) as occurring m the swine 
raising areas of northern Ireland, where 
It hid been observed since 1932 Since t lat 
time It has been reported from countries 
such as England, South Africa, Norway, 
Holland, Canada, the United States, 
Denmark, and Sweden and can ^ ^ 
be recognized as having world wide istri 
bution, occurring in any area of swine pro 

duction Considerable investigational wor 

has been carried out in Ireland an re 
ported by Lament et al (1950) , Timoney 
(1950), and Lament (1953) 

Edema disease is important because it is 
quite widespread and has a high inci enc 
of occurrence, especially in areas where 
swine population is high It ^ 

seasonal disease since it has been 
during every month of the year Becaus 
of the high rate of inadence, the eronomic 
loss to the swine industry is oonsidera e 
Another factor in the importance of e ema 
disease is the striking similarity of some 
of Its pathological changes to those o 
other serious swine diseases 
(1954) reported on cases of edema disease 


ivhich would have been diagnosed as chol 
era on tlie basis of history, symptoms, and 
Rross lesions except that the presence of 
cliolcra virus could not be demonstrated by 
pig inoculation tests 

etiology 

The exact cause of the condition has 
not been fully demonstrated, although the 
worl. carried out in Ireland by 
(1950) strongly 

non was a toxemia Vesselinovitch (1955) 
investigated the serum proteins of pigs 
affected wilh edema disease He could 
divide the coses studied into two groups on 
the basis of die presence or absence oi a 
clinically observable edema Both groups 
showed a decrease in die percentage o 
serum albumin The group " 

,cal edema gave higher than normal values 
for bod^pha and 

die group without clinical edema gave 
foghe? values for gamma globulins onlv 

He stated 

T'’' 'V' i “emtr5aly‘°o‘':^p'’.rd:- 

tern of sufficient p ^ Canicular organ or 
ctanga impossible lo slate the 

organ aP’™ . 'the disturbances re 

“mis dvsprowmenua Hovsever it 
sulung dvsproieineima in these 

seems poKiblc tha > • proteinuria 

cases IS an msunce of tmuc^^p ^ 

being di' accompaii^^ by an 

Sanerf “.c reneuI<«ndo.hele.I 

System 
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they may be observed in different indi 
\iduals 

In areas where hog cholera is not prev 
alent the weak incoordmated gait is said 
to be cliaracteristic The progressive de 
velopment of clinical signs of edema disease 
occurs at a fairly rapid rate and m the 
usual couise of events either mortality or 
a change toward recovery occurs within 
48 hours Only occasionally do affected in 
dividuals survive for as long as 5 to 7 days 

PATHOLOGICAL CHANGES 

After a number of necropsies the ob 
server may gam the impression that the 
lesions to be found in cases of edema dis 
ease are quite variable Actually since the 
lesions are either edema or hemorrhage 
the variation occurs in the matter of lo 
cation and seventy of either or both of 
these lesions It is quite common to find 
botli edematous and hemorrlngic lesions 
in die same individual Occasionally cases 
appear in which there is only one or tlie 
other of these types of lesions 

Most of the names by which the disease is 
known refer to and are descriptive of only 
the edematous lesions During the early 
years of the recognition and study of the 
disease the most prominent pathological 


change was a layer of edema in the stomach 
wall Other locations m which edema may 
be rather prominent include the mesenteric 
folds of the coiled portion of the large m 
testme (Fig 34 2) the eyelids the ears 
subcutaneous tissues of the face and jowls 
and the ventral and ventro lateral areas of 
the abdominal wall 

The gastric edema is most often found 
along the greater curvature usually in the 
cardiac portion but it may extend into the 
fundic and esophageal areas It consists of 
a layer of jelly like edema between the 
muscular and mucosal layers It may be 
either clear and practically colorless or 
blood tinged and red colored It may vary 
in thickness from a barely visible layer to 
one of about an inch in thickness The 
lesion also varies in size from an area of 
about 4 Indies in diameter to a small 
localized spot of less than 1 inch m diam 
eter An incision along the greater curva 
ture is not always sufficient to demonstrate 
tins edematous stomach lesion The 
smaller localized areas are sometimes found 
only by making several cuts directed from 
Uie greater curvature toward the esophageal 
opening 

Edema of the mesenteric folds of Uie 
coiled hrge intestine also varies in amount 


FIG 34 2 — Edema of the 
large infest ne show ng 
Ihe character st c increase 
of flu d in the tissues in 
the folds of the colon c 
coil (see arrows) (Photo 
Sroph by H W Dunne ) 
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In addition to providing evidence that 
the disease is a toxemia, Timoney’s 1950 
uork also indicated that the probable toxic 
principle could not be neutralized with 
pulpy kidney disease antisera This would 
indicate tliat the toxin o£ Clostridium per 
fringens, type D, commonly involved in 
sheep enterotoxemia, is not a significant 
factor in edema disease 
Field and Gibson (1955) showed that 
Cl perfrmgens, type C, was the causauve 
agent of a disease causing loss in baby pigs 
However this disease has certain character 
isiics vshich are not common in edema dis 
ease, and it is believed that toxemia due 
to Cl perfrmgens, type C, should not be 
considered in the edema disease syndrome 
Experimental procedures and a study o£ 
natural outbreaks of edema disease tend to 
support the theory that the disease is a 
toxemia It is characteristically irregular m 
the manner in which it affects individuals 
and droves In natural outbreaks, die ran 
doin scattering of individual animals which 
become afTccted on a single farm, as well as 
a similar random scattering of farms on 
which the disease occurs in an area, does 
not follow the pattern shown by known 
infectious diseases Careful experimental 
work has failed to give evidence that the 
disease can be successfully reproduced with 
any infectious agent 

rmioncy (lOaO) rcj>oricd some success 
in reproduction of tlie disease by means of 
injection into pigs of centrifuged super 
natant fluid from cither diluted or un 
diluted intestinal contents of naturally 
occurring cases 1 imoncy (1956) reported 
that sucli supernatant fluid retained its 
toxicity after being stored at i temperature 
of approxmnicly 20° r forllmonilis lie 
aUo indicated dial heating at 60° C for 
13 uunutes nuglit not inactivate the toxin 

Cicgory (1955) rcjxiricd lunitcd cvi 
dcncc of success in reproducing edema dis 
case by means of a toxin or toxins assoct 
aicd vvidt Iicmolytic colifonn organisms 
Fimoncy (1956) presented more conclu 
sivc evidence that toxic material associated 
vsiili a hemolytic colifonn organism was of 
siginricancc in causing edema disease A 


neutralizing antiserum could be developed 
m pigs injected with suitably treated 
material obtained from the supernatant 
fluid of centrifuged intestinal contents of 
naturally occurring cases, and a similar pro 
tective serum could be obtained from pigs 
immunized with a hemolytic cohform 
organism 


CUNICAL SIGNS 

Edema disease is often a rapidly acting 
toxemia, and symptoms are not always 
observed, especially at the beginning of an 
outbreak The early observable clinical 
signs consist of a mild listlessness, a little 
reduction m appetite, and a weak, wobbly 
incoordinated gait The pigs may show 
aimless walking or walking m circles, an 
an apparent blindness exhibited by run 
ning into objects A gradual paralysis de 
velops rapidly, and many pigs show fine 
generalized muscular tremors These cen 
tral nervous disturbances often develop 
convulsions, and the pigs may become pros 
traie wiUi tlieir legs m either constant or 
mtermitteni running motions (Fig S'* *) 
Very few recoveries have been reporic 
after these severe signs have developed 
covery of less severely affected individiu s 
appears to be of common occurrence 
Most alTected animals do not show an in 
crease in temperature, but a few individua s 
may be found willi temperatures of 10 
105° r BoUi diarrhea and consupnuon 
have been observed, but it is not char 
whether one of these signs precedes tic 
other in Uie same individual, or whetner 
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both, may show extensive hemorrhage 
In some instances practically all of these 
various types of hemorrhage can be found 
m the same individual Hemorrhages of 
die spleen and kidney arc quite common, 
and in more than a few cases they exactly 
resemble those of cholera 

A ratlier commonly observed indication 
of renal hemorrhage is the presence of a 
very few small and inconspicuous petechiae 
on tlie exterior surface, witli several prom 
inent petechial and ecciiymoiic hemor 
rhages on and in the papillae Some of the 
kidneys with little external evidence of 
hemorrhage will contain small amounts of 
free blood in tlie calyces and pelvis 
Another common observation of the cut 
surface when the kidneys are cut longitudi 
nally into halves is that the renal cortex 
tends to be relatively low m blood supply 
while the medullary portion tends to be 
engorged with blood Occasionally this ab 
normal distribution is quite marked, leav 
ing the cortex definitely ischemic and the 
medulla highly congested and hemorrhagic 
Even m instances of more mildly altered 
blood distribution, the longitudinally cut 
surface presents a zoned appearance due to 
the congestion of the medullary portion of 
the kidney 

In a few instances the capsule of the 
kidney may be thick and edematous and 
separated from the kidney by a considCT 
able amount of blood tinged fluid n 
these cases the kidney appears quite 
ischemic and the fluid itself gels upon ex 
posure to the air, similar to the gelling o 
fluids found m the peritoneal and pleura 
cavities 

The mucosa of the urinary bladder may 
be only mildly congested The congestion 
may appear as scattered patches it may 
cover the enure surface, or it may presen 
a streaky appearance The mucosa may 
show a few or many petechiae and ec y 
moses or the enure surface may be sever y 
hemorrhagic, in which case the serosal sur 
face may also be entirely hemorrhagic an 
the bladder wall is much thickened 

The lymph nodes, in addiuon to eing 
swollen and edematous often show lemo 


rhagic lesions Any or all of tliera may be 
so affected The hemorrhage may be either 
peripheral, diffuse, scattered petechial, or 
ecchymotic, or die enure node may present 
a solid hemorrhagic appearance e\ en when 
cut in any plane All of these variations 
of hemorrhagic lymph nodes may be seen 
in different nodes of the same individual 
Irregularly shaped areas of hemorrhage 
may be observed on the surface of the 
liver However the liver is the organ in 
which grossly visible hemorrhages are most 
rarely found The gall bladder may be 
edematous or its mucosa may show pe 
lechiae and ecchymoses Hemorrhages can 
also be found in the subcutaneous us 
sues, the muscle, and the serous membranes 
of the legs, especially around the leg joints 
the meninges the lining of any or all of 
ihe sinuses of die skull, and the serous 
covering of die nasal septum 

diagnosis 

Some of the common features to be ob 
served during tire course of an outbreak of 
fdema disease are important dtagnostm 
aids It IS a disease which requires the vet 
erinarian-s close attention to an at^^^ate 
record of events noted by the P'“ 

dose observation of occurrences after the 
owner brings it to hts attention In som. 
cases a good history may be he decisive 
factor m arriving at a diagnosis The lijst 
of these rather common features m 
tendency for the disease to appe^ qm 
suddenly without previous warning One 
^rm^ animals may be found dead,_d 

— 

M m die visibly affected animals 
■^Tuie duration of the disease is usually 
short, aldmugh some “7^,‘“^:::^cant 

diagnostic impornncc 
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from a barely \isible layer to a \ery con 
spicuous accumulation In some cases a 
laser of jelly like edema can be found sur 
rounding the rectum The edema of tire 
eselids ears and subcutaneous tissues of 
die face often produces a sivelhng that is 
obserrable on clinical examination Prac 
ucally all of the lymph nodes are edema 
tous and show some degree of enlargement 
Lung edema is not uncommon and m a 
fciv instances the edema togetlier witli tlie 
concurrent congestion and hemorrhage, 
closely resembles that seen in cases of 
sheep cnterotoxemia and may be the only 
proiiunent lesion found at necropsy Edema 
of the brain occurs and is probably re 
sjxmsible for some of tlie signs of central 
nenous system origin that occur during the 
course of the disease 

Another common necropsy finding is the 
presence of \arying amounts of fluid in the 
pericardial sac. the pleural cavity, and the 
peritoneal cavity This fluid may be either 
clear, colorless golden straw colored, or 
more or less blood tinged It usually coagu 
laics or gels rapidly upon exposure to the 
iir 

Schofield (1953) suggested that die name 
be changed to cnterotoxemia, stating that 
edema was only one manifestation of tlie 
toxemia and that it was not always present 
in every individual alfccted in a typical 
oulbreaV. Even before that time however, 
the early investigators had pointed out that 
the disease vms probably a toxemia and 
ih it numerous licmorrhagic lesions could 
be found 

In some individuals such liemorrlngic 
lesions arc very prominent and widespread 
in cues of edema disease The early re 
jxiru mcltulc special names for die Iicmor 
rhigic lesions found in two different 
locations a ilea bite skm lesion and a 

mulberry heart Ihc flea bite lesion 
refers to a cutaneous hemorrhage which is 
usually small in sue but numerous and 
resembles actual Ilea bites Ihis lesion is 
mu>t easily seen on die thin haired ventral 
Ixxlv surface and the medial surfaces of the 
rear legs but it may vary in st;c and cover 
a timeli more extensive portion of the bodv 


It is not a common lesion, and may be 
seen only occasionally 

The mulberry heart is a severe and 
diffuse hemorrhage of tlie epicardial and 
myocardial tissues Again, tins severe 
cardiac hemorrhage is not seen frequently, 
however, less severe cardiac hemorrhages 
are rather common In some cases these less 
severe hemorrhages appear as superficial 
surface streaks and in other cases they are 
more diffuse and not so sharply delineated 
as streaks Subendocardial hemorrlnges of 
the left ventricle are quite common 
Gross hemorrhages can be found m 
numerous locations in the body They may 
be seen as either petechiae or ecchyinoscs 
in ihe larynx trachea, and lungs Some 
times large, irregularly shaped, but sharp > 
circumscribed areas of lung tissue may e 
seen to be hemorrhagic on cut surface 
with only a very small or no external sur 
face area to indicate their presence 
affected lungs contain many small, shgnty 
diffuse areas of hemorrhage 
throughout the organ and visible on o 
external surfaces and cut surfaces I * 
mucosa of the stomach may be 
and hemorrhagic in any degree from slig 
to severe, and these hemorrhagic 
may be found overlying relatively 
layers of edema Petechiae, ecchymoscs an 
diffuse areas and streaks of bemorr lag 
may be found on tlie serosal surface of 
stomach The intestinal mucosa is a 'C ) 
common site of hemorrhagic lesions Lit 
Uic small or large intestine, or ' 
may show scattered petechial or cccliynjo ^ 
hciiiorrhagcs Hemorrhagic streaks a 
Uie tops of longitudinal folds of 
may be observed Large but variablc-su 
{latches of hemorrlnge may be scatter 
along a considerable length of 
Ihcsc patches can be seen througn 
serosal surface as dark red, ^ 

shaped areas A considerable Icngdt o 
testinil mucosa may be unifonnl' 
gcsied and hemorrhagic, and the Imn^^ 
contents inav be (pule bloody m JpP*- 
ance 

In severe cases the serosal surface 
citlicr the small or large inicstmc. or 
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purpose IS not >ct available and must await 
the development of further information 
concerning the cause or causes of edema 
disease 

DilTcrential blood cell counts and histo- 
pathologic examination of brain tissue can 
be used to differentiate many cases of 
cliolera and edema disease Edema disease 
docs not produce die marked leukopenia 
or the encephalitic lesions found in many 
cases of cholera These procedure., how 
ever, especially the histopathologic exam 
ination, are special techniques which are 
not readily available in at least two situ 
ations where diagnostic decisions must 
usually be made without benefit of labora 
tory procedures 

The first of these situations would be 
routine field necropsies for diagnostic pur 
poses where it is quite easy to make a wrong 
diagnosis of hog cholera on the basis of 
symptoms and hemorrhagic lesions The 
second situation involves the examination 
of carcasses and viscera for food purposes 
Several instances have been observed m 
which meat inspecuon procedures have 
shown significant petechial and ecchymoiic 
hemorrhages of the kidneys and urinary 
bladder together with penpheral con 
gestion and hemorrhage of various lymph 
nodes In one instance, inspection prior to 
slaughter had shown no abnormalmes 
either in temperature or in actions The 
pigs had grown very rapidly, reaching a 
weight of 200 lbs when they were approxi 
mately 18 weeks of age While only me 
hemorrhagic lesions were noted, rarelui 
exaramauon of the stomach wall might 
have shown the presence of edema in a ''^*7 
small percentage of these cases Continue 
observation of the drove from which these 
suspiaous cases originated failed to s <nv 
any significant clinical evidence o i e 
presence of edema diesase or any in ecuous 
disease Further study of the significance 
o£ such findings m food inspection atu 
ations will need to be made before pro a 
errors of both economic and biologica con 
sequences can be avoided 

Erysipelas is another common sv.ine ais 


ease which can resemble both edema disease 
and cliolera However, differentiation can 
be made on the basis of bacteriologic exam 
ination with recovery of the causative 
organism Some care should be used in 
selecung a suitable speamen for bacteno 
logic examination m order to avoid the use 
of material from animals which have re 
ceivcd large or repeated treatments of anti 
bioucs or antisera within several hours of 
the time die examination is made If speci 
mens from swine which have received treat 
ment are used, inconclusive negauve results 
may be obtained 

Edema disease must also be differentiated 
from African swine fever This serious 
swine disease is not known to occur in any 
area outside of die African conunent, and 
every precaution is taken to prevent its 
introduction into odier localities The out 
standing pathological changes observed in 
African swine fever are reported to be 
hemorrhages due to damage done by the 
causative virus to the endolhchal “I's 
small blood vessels Marked edema of the 
lungs, spiral colon, cecum, and mesentery 
is also reported in some rases of African 

swine fever . _ . 

The complete report of lesions observed 
m African swine fever presents a picture 
which 15 practically identical to the 
observed in some of tlie more severely 
hemorrhagic cases of edema disease On 
the basis of a report on African swme fmr 
made by the Committee on Exouc Dis- 
eases United Slates Livestock Sanitary As 
(1954) some differential features 
appear to be applicable . i 

Although there is a high mortality rate 
with African swine fever, death usually 
does not occur so rapidly as in the case o£ 
edema disease Death from the virus dis 
ease usually occurs on the fourth to seventh 
following development of symptoms 
while mortality from 'dema disease umaUy 
occurs around 48 hours or less A tempra 
ature increase to 104“ F and up to 108 F 
IS expected in African swine fever, but no 
rise in temperature is ordinarily expeemd 
,n edema disease At least one lesion ap- 
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The weak wobbly incoordmated qait is 
an important s)mptom however, it is a 
common sign o£ both edema disease and 
hog cholera Appeute is one indication 
which 15 often used clinically for diagnosis 
of swine diseases In edema disease the 
appetite may or may not be affected How 
c>er, if the case terminates fatally, its dura 
lion is usually sufficiently short that upon 
necropsy die stomach will be found to con 
tain considerable food material Tlie same 
thing can be said of certain cases of cholera 
Many pigs affected with cliolera show only 
a very brief period of deaeased appetite, 
and unless they are being closely watched 
this symptom may not be observed 
Age, anodier factor used to differentiate 
some swine diseases is unfortunately not 
helpful in dealing with edema disease 
Early studies of the disease indicated tliat 
It commonly occurred in pigs which were 
from 8 to 14 weeks of age \s more evi 
dence and experience accumulated, it was 
recognized that die disease might affect 
swine of any age from only a few days to 
a ^ear or more Topical edema of the 
colonic mesentery has been observed m 
pigs as early as 21 to 36 hours after birth 
Body temperature is another useful dm 
ical sign for diagnostic purposes A major 
uy of die animals affected with edema 
disease do not show a higher than normal 
temperature, but a few individuals are 
found with fesers as high as 105” F Prior 
to 1950 dns dinical sign might base been 
considered a reasonably good basis for 
dilfcrcntiation between edema disease and 
hog diolcra With cadi passing )car, how 
c\cr, more and more cases of hog diolcra 
!ia\c been observed in whidi body temper 
aiurc Ins paralleled diat of edema disease 
In man) iiisunccs edema disease outbreaks 
encourage an incorrect diagnosis by appear 
mg ver) shortly after the pigs have been 
V iccinatcd ngamst hog cholera 

Although edema and hemorrhage arc 
iionsjKCific lesions frequently seen in oUicr 
diseases of sumc, most cases of edema dis 
case present a combination of boUi edema 
tons and hemorrhagic lesions Under these 


conditions satisfactory evidence can be ac 
cumulated by careful and complete obser 
vation and evaluation so that a reasonably 
accurate decision can be readied 'Where 
so much variation in findings exists, expen 
ence is the best teacher, and it will be 
quite advantageous to take every oppor 
tunity to perform complete and careful 
necropsies All features of tlie history of 
the case should be taken into consideration 
when the necropsy findings are evaluated 
The edema sometimes found m the jowl 
and throat area must be differentiated from 
that found in anthrax, malignant edema 
and dironic multiple infection of the 
tonsilar areas Such infections can be rea 
ily demonstrated by bacteriological mem 
ods Cases may be encountered m vvhidi 
sufficiently satisfactory edematous lesions 
cannot be found Hemorrhagic lesions 
alone are mudi more difficult to evaluate 
for differential diagnostic purposes because 
Uiey are quite common m botli toxic an 
infectious conditions The extreme an 
massive hemorrhages that are someumc 
observed are considered more cliaracterisu 
of toxemias than of septicemias The less 
severe hemorrhages, however, pose quite 
problem and a few infectious conditions as 
well as toxemia must be considered as 
possibilities In areas where hog cho era 
has not been eliminated, it is the infecuous 
disease to be most frequently considerc 
In tile present slate of our knowledge o 
boUi cholera and edema disease, it is 
always possible to differentiate them on 
basis of gross lesions alone In a few n 
stances even a good history togctlier w»^ 
observation of gross lesions will fail to pt 
vide enough evidence for differentiation 
positive diagnosis of diolcra can be ma 
by animal inoculation tests, however, 
a procedure is so expensive and 
suining that it has no practical value 
the case under consideration Lven i 
presence of diolcra virus can be j 
strated m this way, the possibihi) of . 
lancous occurrence of botJi diolcra a 
edema disease would need to be 
A completely satisfactory procedure for i ' 
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pears to be of significance In African swine 
fever tlie spleen is reported to be frequently 
dark red and enlarged to as much as twice 
the normal size In edema disease tlie 
spleen is never enlarged, and in at least 50 
per cent of the cases there is a noticeable 
lightening of color from the normal red 
appearance 

A conclusive differential diagnosis de 
pends upon the reproducing of African 
swine fever by inoculation of susceptible 
swine, including hog cholera immunized 
and hyperimmunized individuals, witli 
fresh material such as blood or spleen from 
the suspected case 

Another toxemia of swine that possibly 
could be confused with some of the very 
severe hemorrhagic cases of edema disease 
IS poisoning by Warfarin Pathological 
dianges in cases of Warfarin poisoning are 
primarily hemorrhage and edema The 
hemorrhages are of die massive whole 
blood type similar to those seen in cases of 
sweet clover poisoning m catde They are 
most prominent m die lower portions of 
the body such as the ventral abdominal 
wall and the legs Some cases of edema 
disease have very noticeable hemorrhages in 
these same parts of the body, but they are 
not die typical extravasation of whole 
blood seen in Warfarin poisoning 

A disease of swine caused by ingestion of 
moldy corn has been reported by Sippel 
el al (1953) The lesions desenbed as 
occurring in this disease appear to be iden 
tical in many respects to those seen m 
severely hemorrhagic cases of edema dis 
ease Diflereniiation can be made on the 
basis of consumption of badly molded com 
by tlie affected pigs Sudi badly molded 
feed IS seldom, if ever, associated with 
edema disease Another point oC some 
diflcreninl value is die commonly observed 
presence of subpcritoneal and thoracic 
cavit) hcmatoc}sls m mold) corn disease as 


compared with the absence of such whole 
blood accumulations m edema disease 

TREATMENT 

Due to die fact that knowledge concern 
ing the cause of die disease is incomplete, 
the most effective treatment and preventive 
measures have not yet been developed 
Practically everything from magnesium sul 
fate to hog cholera serum has been used in 
treating cases of edema disease Any 
ment will at times apparently give good 
results but such results can never be 
demonstrated consistently 

The so called broad spectrum antibiotics 
have been used in numerous cases of edema 
disease They undoubtedly produced some 
effect on the bacterial flora of the digestive 
tiact when given orally, and m some in 
stances the effect produced was very pro 
ably beneficial However, it must be re 
membered that the causative agent or 
agents of edema disease are not fully under 
stood, and there may be equal probabilities 
that tlie effect produced by the antibiotics 
could be either injurious or negative 
Products such as mixed bactenns, erysipelas 
antiserum and cortisone have at times re 
ceived credit for beneficial results in edem 
disease, but conclusive proof of such va ue 
IS lacking Over a period of several year 
the most satisfactory line of treatment an 
management has been the use of a 
cathartic and a withholding, or very sharp 
reduction in amount of feed for a short u 
variable length of time Such treatment i 
nonspecific, but tliere is logical argumen 
in favor of its use in cases of enterotoxenna 
Timoney s (1956) announcement o 
considerable success in pinpointing t 
probable cause, together witli very 
mg immunologic studies, creates consi c 
able hope that mucli more specific trea^ 

inent and immunologic preventive niea 

ures will be developed m the near futur 
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Fungous Toxins 


Moldy Corn Poisoning 

Poisoning of hvestock by fungous toxins 
has long been suspected Moldy corn 
poisoning of horses and moldy liay and 
grain poisoning of various animal species 
are illustrations There are several other 
types of aJIectJons caused by molds, but 
these are not of a strictly toxin ' nature 
In Russia, Gadjusek (1953) has reported 
the poisoning of people and horses by 
mold toxins on wheat allowed to over 
Winter beneath the snow Frohner and 
Voelker (1950) and GJasser et al (1950) 
report mold intoxications m swine and 
other animals Christensen and Kem 
kamp (1936) reported intestinal dis 
turbances in swine eating moldy barley 
Forgacs et al (1954) and Forgacs and 
Carll (1955) have shown molds to be 
toxic for calves and poultry Sippel et al 
(1953) described moldy corn poisoning 
m swine and cattle The chemical nature 
of these toxins has not been determined 
Poisoning from moldy com peanuts, 
bread, and oats has been observed by the 
author m Georgia, Florida, and Alabama 
Moldy corn poisoning was prevalent in 
North Carolina following a hurricane m 
the fall of 1955 Case (1956) reported 
the same type of mold poisoning in Mis 
souri and southern Iowa The author has 
also heard of mold poisoning in Iowa 


from corn kept for several weeks in wagons 
before being fed to swine 
Forgacs (1952) isolated pure cultures 
of PentciUtum rubrum (Stoll) and As 
pergtllns flavus (Link) from corn m fields 
in Georgia with which Burnside (1953) 
tvas able to produce acute poisoning in 
experimental pigs 

ETIOLOGY 

The following molds have been incrim 
mated as produang acute intoxication 
in animals Penicilhum rubrum (Stoll) 
and Aspergillus flavus (Link) in sivine 
(Burnside, 1953) and Aspergillus cheva 
hen, A clavatus, and A fumigatus m 
calves (Carll et al , 1955) Other fungi have 
been involved in the poisoning of other 
animals 

These fungi are readily cultivatable on 
ordinary media Sabourauds agar, myco 
logical agar (Difco) , and mycophil agar 
(BBL) also serve well 

CLINICAL SIGNS 

Pigs affected with moldy com poisoning 
exhibit acute and chronic syndromes In 
droves in which the acute disease appears, 
the animals are found dead or are sick 
only two days or less They are depressed 
are off feed, and exhibit signs of weakness 
by staggering in the hindquaricrs The 
mucous membranes are pale and tempera 
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Histopaihologicil diangcs are most 
prominent in die liver, where in acute 
cases lesions of acute toxic hepatitis are 
found Depending on the amount of toxin 
ingested and length of time involved, the 
clianges vary from fatty degeneration to 
necrosis with hcmorrlngc in die lobule 
In chronic cases, the clianges are those of 
subacute toxic hepatitis There is more 
or less cirrhotic proliferation of die cap 
sule of Ghsson, with accompanying bile 
duct proliferation Hyalinoid granules of 
degenerated cytoplasm are frequently seen 
vuthm hepatic cells Various stages of con 
nectivc tissue replacement of the centrally 
located necrotic hepatic cells are seen In 
many chronic cases examined at necropsy 



there is marked regeneration and hyper 
trophy of the peripheral hepatic cells in 
die lobules 

Kidney lesions include glomerular atro 
phy, tubular dilatation, and various stages 
of degeneration of the epithelium of some 
medullary rays 

Changes m other organs are not re 
markable 


DIAGNOSIS 

This condition may be suspected if pigs 
are eating molded gram especially corn 
or peanuts or feeds containing diese sub 
stances In many cases corn will be found 
to be on the ground and pigs forced to 
eat gram diey would have avoided had 
better feed been available 

It is well known that all molds are not 
toxic and tliat large quantities of moldy 
feed are eaten without apparent 
Therefore, the mere finding of molded 
feed is not sufficient for a diagnosis 

Necropsy lesions when coupled with the 
finding of moldy feed have enabled veteri 
nanans m endemic areas to make a diag 
nosis of this condition with confidence 
In acute cases, the subendocardial hemor 
rhages and other larger and smaller 
hemorrhages have been helpful In 
dJronic cLs. which are the most numer 
ous the subendocardial hemorrhages 
icterus and cirrhosis are seen 

A definite diagnosis cannot be made 
witliout botli the identification of a loxic 
mold in the feed m sufficiently large quan 
tity and the reproduction of the disease 
in swine by means of pure cultures of ihc 

moM Thn is a complicated time con 

suming laboratory procedure that is not 
practiral m routine laboratory diagnostic 

"'Ddterential diganosis should '"elude 
consideration of those diseases causing 
icterus, cirrhosis, anemia, and "o'"'™"® 
hemorrhages Such diseases 
spirosis. eperylhrozoonosis, “ P“^ 

Doisoning. and poisoning by some 
de™nTns on ihe region Poisoning by 
CiVlalarm spp m hogs is cliaracleriied y 
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lures are normal. Blood may be passed 
from the rectum. Occasionally central 
ner%ous system symptoms are seen, sudi 
as standing with the head in a corner oi 
pressing the head against a wall. 

Chronically affected animals are de- 
pressed, sometimes walk with a stiff gait, 
have poor appetites, and often stand apart 
from the rest of tlie drove T,vith their heads 
doivn, backs arched, and flanks tucked up. 
Their temperatures are normal. Farmers 
someunies complained that their pigs tvere 
losing weight m spite of ample corn in 
the field. The mucous membranes of 
chronic cases were usually icteric. 

NECROPSY LESIONS 

Large hemorrhages resulting in anemia 
arc a prominent feature of most acute 
cases, especially in those animals found 
dead. Large retroperitoneal hemorrhages 
e.\;tending from the diaphragm to the pel- 
vic inlet may be seen. These include large 
amounts of blood around the kidney and 
some in the hilus of the stomach (Fig 
35 1) . In other animals, large amounts of 
free blood are found in die abdominal or 
thoracic cavities (Fig. 35.2). Ecchymotic 
to petechial hemorrhages are sometimes 
found scattered on serous surfaces. Sub 
cutaneous hemorrhagic areas on die an- 
terior surface of the thigh, in the sub- 
scapular region, and on other muscles are 
not uncommon. Free blood is often found 
in the intestine. The liver sometimes has 
petechial or eccliymotic hemorrhages be- 
neadi die serosa. The spleen is usually 
normal, but sometimes has dilated surface 
capillaries or hemorrhagic infarcts. Epi- 
cardtal and profuse endocardial hemor- 
rhages are a constant lesion in acute cases. 

In clironically affected animals, icterus 
of the carcass and cirrhosis of die liver arc 
prominent lesions at necropsy. The degree 
of dicsc changes varies widely. The ab 
dominal or thoracic cavities often contain 
large amounts of clear, straw-colored Quid. 
Miicliell et al. (1956) have described cases 
they attributed to mold poisoning that 
presented “voluminous amounts of a 


serous exudate within die thoracic cavity, 
accompanied with extensive pulmonary 
edema and distension of the interlobular 
septa with edema." Cirrhosis was not 
present in these cases. Gelatinous infiltra- 
tion beneaUi the serosa of the colon is 
sometimes observed in chronic cases. The 
kidneys are often pale and swollen Lymph 
nodes are congested and ‘‘watery’’ in many 
cases. The ecdiymodc hemorrhages on the 
muscles, anterior surface of the thigh, and 
subscapular region, as seen in acute cases, 
are also seen frequently in chronic cases 
These lesions are similar to those found 
in hemorrhagic disease of poultry. Hemor 
rhages beneadi die endocardium are al 
most a constant lesion in chronic cases. 
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The prolapse may evert a distance o£ 6 
inches with a diameter of 4 inches Rub 
bing of the exposed portions may cause 
injury and infection Prolapse of the rec 
turn may occur secondarily in 5 to 10 per 
cent of the cases Vaginal prolapse was 
seen in up to 30 per cent of the Iowa 
cases An unusual amount of prepucial 
inflammation was noted in males and some 
mammary enlargement in gilts Gilts 
from 6 weeU old up to 100 or 150 lb in 
weight are most often affected Older 
animals appear resistant Deatli may re 
suit from hemorrhage infection uremia 
or infection of the urinary tract McNutt 
et al (1928) noted no effect on subsequent 
breeding effiaency of affected gilts 

PATHOLOGICAL CHANGES 

Lesions are confined to the external 
genitalia and consist of edema congestion 
and hemorrhage Secondary septic in 
fiammatory changes are often present and 
may ascend the internal urinary tract 


DIAGNOSIS AND TREATMENT 

Normal estrum or injury to the external 
genitalia are the only things likely to be 
confused with this condition Experi 
mental cases require 4 to 6 days to de 
velop symptoms when fed moldy corn or 
barley Recovery from the swelling fol 
lows in 7 to 10 days after removal of the 
damaged gram There is no specific treat 
ment other than a change to sound feed 

EPIZOOTIOIOGY 

An outbreak occurred m Iowa in 1926 
(McNutt et al, 1928) following the wet 
test September on record to that time 
Both white and yellow dent corns were 
involved The condition was directly 
proportional to the percentage of damaged 
corn m various sections of Iowa that year 
and was also seen in several other mid 
western states 

This IS another condition emphasizing 
ihe potential danger of molded or dam 
aged grain 


Ergotism 


Ergotism is probably a rare disease m 
swine in the severe gangrenous form but 
may be prominent in the cause of agalac 
tia birtli of small weak shortlived or 
dead pigs 

ETIOLOGY 

This condition is caused by the sclero 
tium of Claviceps purpurea which contains 
the toxic levulorotatory alkaloids ergo 
toxine and ergotamine This fungus is 


usually found growing on 


the seed heads 


o£ Dalhs grass (Paspalum dtlataium) 
rye and other small grains 

CLINICAL SIGNS 

Frohner and Voelker (1950) mdicale 
that the pig is relatively resistant to t is 
type of poisoning and cite the case o a 
pig that was fed 11 kg of the fungus over a 
2 month period before succumbing 

The most serious loss in swine 
occurs in sows that are clironically al ec 
and develop the agalactia syndrome re 


terred to above Nordskog and Clark 
(1945) in their experiments fed rauons 
intamtng 0 5 1 0 and 3 0 per cent ^got 
Animals on all rations showed almost 
complete lack of udder development and 
tailed to secrete milk at fairowing Nine 
sows averaged about 9 pigs “f > » eaA 
at birth of which about half were born 
alive but died shortly after birth Control 
sows had the same sized litters that aver 
aged 2 9 lb each, of which only 3 were 
bom dead Milk seaetion was noraal 
Burns (1953) has indicated that the 
classical gangrenous type of ergotism vvil i 
dry gangrene of die ears extremities and 
of skin of the trunk occurs in die 

*”ln addition Frohner and Voclkcr 
list gangrene of the eJaus en s o 
r plialangm metacarpt and metatarsi 
die tail and nipples Limping and 

ability to 1 I iv. 

Mdmugh some of the sons studied b) 
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sudden death m the acute form and loss 
of appetite unthnftiness, and anemia in 
die chronic form Sudden deaths are di 
rccd> attributable to gastric hemorrhage 
(Emtnel and Sanders. 1942) Dicoumenn 
nt poisons such as Warfarin’ * might 
cause lesions that could be confused with 
acuic cases of moldy com poisoning 
The necropsy lesions listed abo\e should 
be sufficient to differentiate these condi 
tions 

TREATMENT 

No specific treatment is known The 
pigs should be taken off the moldy feed 
immediately In order to detect dironi 
cally affected pigs diat will not make prof 
liable gains, the pigs can be placed on a 
good ration for liso weeks At the end of 
that lime those not responding are sold 
for slaughter 

EPIZOOTIOLOGY AND CONTROL 
This condition has appeared m the 
South prcdominently on early soft corns 

Vul vovi 

This condition has been reported by 
McNutt et al (1928), Pullar and Lerew 
(1937), and by McErlcan (1952) respec 
ii\tly from Iowa, Australia, and Ireland 
So far as is known, only swine are suscep- 
tible 

ETIOLOGY 

The disease has been produced expen 
mentally with ‘spoiled and molded corn** 
(lowi), moldy barlq (Ireland), and 
moldy nnwc (corn) (Australia) Me 
Lrlcaii idcniificd i-ujarium grammearum 
(conidnl stage of Gtbberella leae) ' 
and a species of Cep/ialolhecium’ in the 
moldy barley with wliicli he worked Hic 
Vustrahan workers considered die acti\c 
principle to be eliminated in the urine, 
producing an irritant effect on the \uUi 
Mchtlcan postulated tint *' the sub- 
stance IS more likely to be of the nature 

Mutnni Rocarih loundjtujn 


planted for “hogging off’ However, it 
also been seen on hard, later matunng 
varieties In other sections it has been 
seen when com is stored under condiuons 
allowing It to become moldy 

In order to keep swine from eating 
moldy corn, temporary fences have been 
used so that small sections of a field can 
be eaten out completely before any ears 
that have been knocked to the ground by 
die pigs have had an opportunity to be 
come molded The fences are moved when 
indicated 

As a means of determining if molded 
feed IS safe for consumption, an animal 
of low value can be fed the gram m ques 
tion for two weeks and observed for to\ic 
symptoms If none are observed, the ca 
culated risk of feeding the moldy gram 
can then be taken The method is no 
entirely safe, due to the danger of a 
chronic intoxication producing i*'*^*^ 
damage dial could result in slow gams or 
delayed symptoms of a more serious na 
lure 


ginitis 

of an esixogcn whicli is absorbed from 
die alimentary canal and operates sysicmic 
ally ’ 

CLINICAL SIGNS 

McNuu et al (1928) \cry ably <!csciib= 
the condition as follows 

The first dnnge lo be noted is a gradual 
largcnicnl or swelling of ihe vulva It , 
ingly differs «i no way from enbrgcmcn 
Uic vaiha due lo tlic heat period, ^ 

swelling continues until Uic vulva l 

very firm tense and clcvaictl or svsolicn 
from Uic body Tlicii it is that ihc jjj 

rale and Uic vaginal mucova, onlv ^ 

jccicd ur reddened begins to sliovk The m 
jKjriions of ific vulva and vaginal 
coniinuc to swell until die mucosa protru ^ 
Uuougfi ihc lips of ihc vulva Flic wcij, t 
the prolapsed |x>rlion drags dm 
|>ortions out. Rciurn circulation i* ^^,,1 
(becked tcsuliing m paisivc congestion a 
diMciivnm of die prolapsed otgans. 
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Nordskog nnd Clark (1945) farrowed a 
bit carl) (101 to 111 da)s, average 107), 
thc\ noticed 'no cases of t)pical abortion 
Distinguishing betiseen ‘ early farrowing" 
and abortion might be difTicult 

DIAGNOSIS 

D)sgalactia and diseases causing weak 
and stillborn pigs m the sow can be dif 
ferentiated from ergotism by adequate 
udder de\elopment and response of some 
forms of dysgalactia to injections of pitui 
nrv hormone solutions Farmers will often 
rennik about the apparent lack of physio 
logical preparation for farrowing by the 


sow when poisoned by ergot The gan 
grenous effects of ergotism may be differ 
entiated from those of swine erysipelas by 
the dry gangrene nature of ergotism The 
preliminary swelling of the ears noted in 
erysipelas is lacking m ergotism 

TREATMENT 

It IS doubtful if die diagnosis will be 
made before symptoms are well developed 
At that time removal from the source of 
ergot will be the only practical treatment. 
Symptomatic treatment of gangrenous por 
lions is indicated 
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{Uetritis, lUastitis, 
and Agalactia 


Metritis 

Memus, or inflammation and infecuon of 
the uterus, often occurs following farrow 
ing, d}Stocia, or aboraon Metritis is part 
of tlie agalactia syndrome so frequently 
encountered as a dmical entity in swine 
practice 

ETIOLOGY 

Metritis IS usually the result of infection 
of the genital tract during farrowing and 
possibly at the time of service to an in 
fected boar Streptococci or Eschenchia coli 
have both been isolated m pure culture 
from uterine swabs from sous 
puerperal infection and agalactia le 

physfcal stress associated with farrowing, 
uterine fatigue, and atony of the 
musculature, retention of shreds o p 
centa, or a retained fetus is conduave 
uterine infection and inflammation 

CLINICAL SIGNS 

Gilts and sous having puerperal uterine 
infection show inappetence and . 

They uill be found I>ing m tlieir beds, 
shnenng or trembling 
ranges from 103° to 107° F The “ 
hot and congested and milL. flow 
hibiied This IS belicied to be one ol me 
primary causes of agalactia in sows 
signs of die disease appear m 1 to J 
following farrouing A copious w ii 


yellowish discharge from the vulva is seen 
by die end of die first or second day 

Afetritis resulting from retained fetuses, 
capillary thrombosis, pressure neaosis or 
laceration, and infection following dvstocia 
IS accompanied by a more watery sero- 
sanguineous, foul smelling discharge from 
the vulva Fever, inappetence, and agalac 
iia Will be present 
PATHOLOGICAL CHANGES 

The necropsy findings will vary con 
siderably with causative factors Sows dial 
have d.ed as a result of dystocta or d|e re 
tenuon of one or more fetuses ^ 

found to have die abdominal “’'■ .’L tL 
vvith reddish, foul smelling 
uterine horns will be flaccid and vs 1 not 
be involuted The uterine ualh show a 
bluish discoloration and are triable 

Capillary thrombosis is cxtensiv 
ho™^ tlie uterus w.ll contain a foul 
smelling reddish exudate, shreds of fetal 
menibranes, and an emphysematus fetus or 
fetuses 

diagnosis 

The disease is diagnosed by die histmy 
of recent farrowing and the rbn‘“> 
nhverved such as inappetence, agalactia, 
and a white mucopurulent disdiargc torn 

"al exploration ol ■>'= ”8- -U 
body of die ulems may reveal a rclaine 
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granulomatous areas which gradually en 
large until the section appears to be a 
tumorous mass several inches m diameter 
Postparturient fever and caked, con 
gested, edematous udder are discussed un 
der the agalactia syndrome (page 516) 
Gilts and sows suffering with acute post 
parturient gangrenous mastitis of the coli 
form type, have an extreme toxemia They 
he in the bed, very depressed The tern 
perature may be subnormal to 107° F , de 
pending upon the stage of the disease at 
the time of tlie first examination The 
skin over the rear udder sections is purple 
the sections swollen and edematous, and 
the secretions serosanguineous The skin 
discoloration, with various degrees of 
sloughing, may extend over most of the 
udder The mortality is very high Some 
cases respond if treatment is instituted 
early The litter will die due to starvation 
unless It IS separated from the sow and 
fed on sow s milk substitute Sows recover 
mg from the disease will have indurated 
udder sections and should be slaughtered 
as they are poor risks for future nursing 
litters 


PATHOLOGICAL CHANGES 

During tlie initial stage of subacute mas 
tuis the skin, stroma, and parenchymatous 
tissues aie involved in an inflammatory re 
action The usual lesions of inflammation 
are present in die glandular area There is 
edema and leukocytic infiltration into the 
glandular area The ducts leading rom 
die alveoli are filled widi inflammatory 
products 

Depending on die degree of inflamma 
lion and die amount of capillary 
bosis, the gland becomes infiltrated with 
connective tissue Many of diese g an s 
are atrophied and fibrosed 

In glands infected widi Ultnomyces 
bovis, Aclitiobactllus Ugniercst, or st^p *) *>* 
COCCI a granulomatous process may ucvc op 
These granulomatous masses contain areas 
of necrosis and wallcd-olf abscesses In some 
cases an ulcerated discliarging sums may 
be present , . 

Alder (1951) and Laiigham and bi<K^ 
ton (1953) have very aptly described U»c 


lesinns of coliform mastitis Langham and 
Stockton state 

The lesions were confined primanly to the mam 
mary glands and the lymph nodes The former 
structures were gready swollen and firm The 
skin covering the mammary glands sliowed a 
purplish discoloration On cut sections there 
v%ere areas of congestion, hemorrhage and ne 
crosis The interlobular tissue was very edema 
tous The supramammary lymph nodes were 
greatly enlarged due to edema congestion and 
hemorrhage Microscopic sections of the mam 
mary glands reveal extensive changes m the 
epithelium of the acini characterized by vacu 
olar degeneration necrosis and desquamation 
In the luraina of the acini were some lym 
phocytesand polymorphonuclears desquamated 
epithelial cells and clumps of bacteria The 
stroma showed congestion of the capillaries and 
extensive edema A few of the blood vessels 
contained thrombi The supramammary lymph 
nodes had areas of congestion hemorrhage and 
edema The lymph sinuses contained large 
numbers of polymorphonuclears a fibrinous 
exudate and clumps of bacteria 


DIAGNOSIS 

Mastitis involving individual udder see 
uons IS diagnosed by keen visual observa 
tion and manual exammauon of tlie inui 
vidual udder sections A gland may appear 
swollen and the pig which had been nurs 
mg It found nghtmg the oilier pigs for a 
place to nurse On closer examinauon the 
secretions from die section will be found 
to be ciianged m character Some secretions 
are tvatery with a few dales and m olhers 
die secretion is purulent Some of these 
glands will atrophy and neser return to 
mill Odier glands may become granu 
lomatous and enlarged The gramdoim 
tous sections will be espccia l> apparen 
when die litter is weaned and the nornni 
udder sections arc atrophied 

The diagnosis of acute |)OStparturicnl 
gangrenous mastms is rather apparent due 
M die toxemia, the swollen, discolored, 
purplish udder, ind the scrosanguincons 


tREATMENT 

Many mdiiidual infected glands arc 
neser treated Occasional!) a gland is in 
'used widr pcmcrllm and sucpioni)cin If 

;“.esor..d,ow.ngEtncrahrcds,gm and 
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fetus at the pelvic inleL Shreds of placenta 
and a foul smelling brownish fluid may be 
encountered on tlie floor of the vagma or 
m the body of the uterus 

TREATMENT 

V combination of penicillin and strepio 
m^cin intramuscularly to control the in 
fcctions IS indicated Uterine tone and in 
\olution should be stimulated by the ad 
ministration of 25 mg of stilbestrol and 2- 
4 ml of posterior pituitary extract 

A retained fetus can sometimes be ex 
iractcd manually If it can not be extracted, 
i qt of mineral oil and ^ oz of soluble 
iclrac)chnc pumped into the uterus will 
assist in keeping down an absorption and 
infection from tlie uterus and will facili 
laic the passage of fetal and placental 
shreds 


Mas 

Infectious mastitis occurs sporadically 
Occasionally soiss ssiU contract acute gan 
grenous mastitis due to coliform and staph 
lococcic organisms A puerperal Strep 
tococcus mfcciioii is prcsalent m some 
large herds of si> me Mastitis metritis, and 
agalactia arc common to tins syndrome 
C iking, congestion, and edema of die ud 
dtr, as ucll as agalactia may be seen as a 
result of improper diet and exercise but 
should not be confused svith infectious 
mastitis 

Cluomc induratnc and granulomatous 
mastitis mvoUing one or more glandular 
sections IS seen especially m older sous 

ETIOLOGY 

Merchant and Picker (1950) Im die 
follouing organisms assoaated utlli masti 
tis in die sou 

1 Streptococci and st iphylocucci 

2 Sp/irrop/ioriij $iecropltoTus 
i IcUtwmyccs boi is 

\ Ictinobacilhis h^tucren 
5 CurytiebiSclenuvi pyogenes 
ti Mycobiiclenum tubctculusis 

Staphylococci fctiriuniycej bo^is, and 

Ictitiobacilltis have been isolated 


PREVENTION 

A survey of the premises should be made 
to determine the sanitary conditions and 
management practices In cases where it 
appears that the disease is a herd problem, 
the farrowing houses or central farrowing 
house should be thoroughly cleaned and 
steamed or cliemically disinfected 

The sows, gilts, and boars should be 
tested to eliminate genital infections sudi 
as brucellosis and leptospirosis which cause 
abortions or weak pigs and uterine infcc 
tion 

Unsanitary, septic lay assistance to par 
tuntion should be discontinued 

Proper diet and exercise are very un 
portant Fat, under exercised sows will have 
a high incidence of dystocia, weak atonic 
uteri, and secondary metritis 

itis 

from granulomatous udder sections 
Adler (ID51), Hclmboldt (1953), and 
Langham and Stockton (1953) have \v>- 
laied tlie coliform organisms Aeroh&eUT 
aerogenes from tlie mammary glands ami 
spleen of sows dying of acute postpirltit* 
ent gangrenous mastitis 

Udder injury from laceration by the 
sharp canine teeth of tlie suckling p*g 
inoculate the gland or adjacent tissue 

CLINICAL SIGNS 

A subacute or dironic sirepiococac or 
staphylococcic mastitis will involve one ot 
more udder sections There arc very fe'‘ 
systemic signs sliovvn, as the infection ^II* 
jscars to be confined to the affected gland 
I he milk secretion is reduced or entire ) 
abicm from that section and the pig 
mg It will be hungry and will rob nurse 
from another gland Many of these glands 
become atrophied, indurated, and fan 
secrete at future farrowings. The results oi 
this type of mastitis arc seen frcqncntlv m 
older vov>s 

Udder stciioiis which become infccied 
vvith itajihvlococci, IcUnotnyces or 

UttuubanUus /ignierrii often devenp 



517 


Chapter 36 METRITIS, MASTITIS, ETC Tharp and Amstutz 


postparturient fever and agalactia re 
sembles clinically the so called beta hemo 
lytic Streptococcus syndrome m whelping 
bitches He states that, as in the bitch, the 
sow shows no signs of the condition until 
immediately following parturition The 
symptoms include mappetence, agalactia 
and some degree of pyrexia Hackett re 
ports recovery of streptococci from both 
the uterus and udder in this syndrome 
Jackson (1952) reports diat he has isolated 
overwhelming numbers of Escherichia coh 
from the uterine discharges, the intestinal 
contents of the pigs, and from blood smears 
taken from tlie hearts of the pigs He as 
sociates Escherichia coh infection with par 
turient fever and agalactia 
Agalactia will be present as one of the 
signs of any systemic disease such as hog 
cholera, erysipelas, swine influenza, and 
transmissible gastroenteritis 
Sows that farrow m damp cold quarters 
may become chilled, their litters become 
dulled and fail to nurse Many of these 
sows develop agalactia 

DIAGNOSIS 

Diagnosis is usually very apparent The 
sow shows mappetence and depression Her 
litter IS hungry and beginning to show 
weakness, depression, and various stages oi 
hypoglycemia Frequently one or more pigs 
may have died before die veterinarian is 
called 

A thorough history and physical cxami 
nation should be made in order to be sure 
that some infectious disease will not c 
overlooked If there is evidence of a scro- 
sanguineous disdiarge or foul odor Irom 
the vulva, a manual vaginal palpation 
should be made At times a retained ictus 
or some portion of die placenta may c 
encountered at die pelvic inlet- Laceration 
of die vagina or pressure necrosis froni Uic 
intervention by lay personnel may be oiag 
nosed , , , , 

The consiscntency of die feces should be 
examined , -p. ^ 

nic udder should be iwlpaicd Ibc 
secretion, if any, should be obuin . 
amincd, and the color of die mammae 


served (Purplish discoloration and sero 
sanguineous secretion is indicative of acute 
mastitis ) 

Extremely high temperatures arc fre- 
quently indicative of die clinical syndrome 
of agalactia, especially m very hot weather, 
though they may be associated with m 
fectious disease such as acute erysipelas and 
influenza 

Previously normal sows whidi have just 
farrowed, and are now showing inappc 
tence, depression, failure to let die pigs 
nurse, and have hungry depressed litters 
should strongly be suspected of having 
die clinical syndrome commonly diagnosed 
as agalactia 


TREATMENT 

The aim of treatment is to restore milk 
flow m as brief a ume as possible Due to 
Uic fact Uiat Utc exact cause for failure of 
milk secretion is not always known, i treal 
ment covering as broad a range of tlicra 
peutic correction as possible is selected 

Administration of 5 0 ml of posterior 
pituitary exuact is suggested The oxytocic 
principle causes tlie secretion of iiu k 
within a few minutes in a high percentage 
of cases The sraooUi muscles of die uterus 
contract and, many times, considerable 
amounts of Ihc delritis of placenta ami 
oUicr uterine inflammatory products arc 
expelled Occasionally a retained fclus is 
expelled An antibiotic coiiihiiialion ol 
penicillin and slreptoniycin is adminislcrcd 
to conlrol any puerperal infection 

In cases of constipation die digesnse 
wacl IS cnipned by die adminiilralion of 
•>-3 ml of Iciitin given inlraicnouil) in die 
car vein or subculancousl) lichnid die car 
Many sous vomit a feu niiniilcs afler ad 
niinislrilmii of die Icnlin and soon alier 
uard the bowels move In severe a>';>"l'^ 
non. a high ciicini is adminiitcicd lol 
lowed orally by 1 or. of caiara lagrada . 

I oz of sodium h)j>osu!phaic. 

' ^'ne trcaiinent vVill nan milk vccrcl.on 
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has a fe\cr, penicillin and sircpiom) 
cm or sulfonamides are administered Valu 
able purebred sous hising granulomatous 
udder sections arc sometimes treated by 
surgical remo\al of the affected gland 
Commercial sous are usually marketed 
uhen a large number of glands are af 
fteted or the granulomatous masses inter 
fere uith nursing the litter 
Treating postparturicnt colifonn mas 
titis IS \cry discouraging The toxemia m 
many eases is so oscruhclimng that die 
sow dies, regardless of treatment If an 


early diagnosis is made, streptomycin 5 
mg per lb of body ucight gi\cn at 8 hour 
inters als, is sometimes beneficial 

PREVENTION 

When mastitis of any type ocairs more 
than sporadically on a farm, a survey of 
the premises and a study of the manage 
ment should be made Sanitary conditions 
liousing feeding, and management should 
lie corrected, as is necessary in any profit 
able suiitc enterprise Sous with dtscliarg 
ing glands should be isolated or marketed 


Agal; 

Agalactia is a very prevalent syndrome 
seen m sous at farrowing time or during 
the nursing period It results in die dcadi 
of many litters of pigs during the first few 
days following farrowing 
Pigs whicli arc 10 days of age can usually 
be saved by supplemental feeding of a sow s 
milk substitute 

ETIOLOGY 

There are many causes for agalactia 
Milk secretion is dependent on so many 
factors that it is often very difiicuU to cs 
tablish the definite cause for agalactia in 
the clinical cases that come to the vcien 
narian s aitenuon In sows recently far 
rowed or at other stages m the lactation 
period, factors such as diet extreme hot 
weather, environmental dianges, nervous 
ness, constipation, systemic disease, dysto- 
cia retained placenta metritis mastiiis 
hormonal imbalance, and disease m die 
newborn suckling pigs may individually or 
m combination cause die clinical syndrome 

CLINICAL SIGNS 

Agalactia itself is really the sigfn of in 
terference with some phase of physiologi 
cal milk secretion The most prevalent 
type of clinical syndrome which we refer 
to as agalactia is encountered at farrowing 
or during die first 2 or 3 days following 
farrowing It will be apparent that the 
baby pigs are hungry in various stages of 
starvation and hypoglycemia Sows with 


ctia 

igal iciia arc uneasy and lie m die sternal 
position, up on the udder, and fad to foh 
over on die side so the gland will be ck 
posed for nursing Some sows lie out flat 
and permit the pigs to suckle but fad to 
secrete milk The sow is partially or coni 
plciely off feed, with a tcmpcraiure rang 
mg from normal to 106® F She is depressed 
and may not get up unless forced to do 
so Tile udder is firm and congested but 
the teats arc flaccid On an attempt to 
hand milk, no milk or only a feu^ drops 
can be squeezed from die teats The sow 
shows various degrees of trembling which 
IS probably associated with dulling due to 
intoxication and fever If she is postp^ 
turient 21 hours or more, a copious mu y 
mucoid white discharge from die vailva is 
often seen Bowel movements are absent 
or dry and scanty The udder is hot aa 
congested 

This type of agalactia appears to be due 
to a combination of overfeeding concp 
trated rations when the sow is penned for 
farrowing, and to die autointoxication as 
sociated with a sluggish digestive tract 
weak atonic uterus a detrition of shre s 
of placenta, and m many cases, secondary 
puerperal uterine infection This syn 
drome has been encountered in severa 
sows on the same farm It appears tliat a 
puerperal uterine infection must be pres 
ent in many cases showing this disease 
syndrome . 

Hogg (1952) states that this type oi 
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plemental feeding with a sow s milk subsU 
tute 

Symptomatic treatment is indicated for 
the pigs in tlic litters of sous suffering from 
agalactia Dextrose, 10 ml of a 5 per cent 
solution, intrapcritoneally, will correct the 
hypoglycemia and gne the pigs strength to 
continue to nurse 

Sows uhich completely dry up make a 
gradual recovery ^Ian) can be rebred and, 
with a change in feed and management, 
will lactate normally for the next litter 

PREVENTION 

Recommendations for prevention should 
include correction of management, diet, 
exercise, and cleaning and disinfecting the 
farrowing house or houses The possibility 
of venereal infection should be kept in 
imnd If the boar can be inaiminated m 
transmitting genital disease, he should be 
replaced 

Gilts and sows should be kept on a good, 
balanced ration high in alfalfa meal or on 
legume pasture during the gestauon period 
They should be kept in good physical con 
dition but should not be allowed to be 
come too fat When they are penned for 
farrowing the ration should be adjusted 
by adding some bulky feed such as bran 
and ground oats The usual amount of tlie 
regular ration should be limned for a few 
days before and after farrowing 

Thyroprotein has been used, a few days 
pnor to and a feiv days after farrowing, in 
the feed at the rate of 100 mg per pound 
of feed Limited field trials have shown 
some promise in temporarily stimulating 
greater milk flow 

It has been proved by many swine prac 
titioners tliat the proper use of a balanced 
ration helps measurably in the presention 
of agalactia 

The following rations have been used 
successfully for several years in the Ohio 
State University swine herds Four to five 
hundred pigs per y ear are farrowed m this 
herd and agalactia is rarely encountered 


Sow Ration Hand-Fed, Winter 
800 Ib ground shelled corn 
fOO lb ground wheat or middlings 
100 lb ground oats 

70 lb meat scraps 50-55% crude protein 
90 lb soybean oil meal 11% crude pro 
tcin 

200 lb dehydrated alfalfa meal 
30 lb mineral ‘Sacco V19 
10 lb trace mineral salt 
Vitamin D (I million units per lb or 5 
oz) 

2,000 pounds and 5 ounces (Per cent aude 
protein, 13 8) 

Sow Ration Hand-Fed, on Pasture 
900 lb ground shelled corn 

100 1b ground wheat or middlings 

500 lb ground oats 
70 lb meat scraps 
90 lb soybean oil 
30 lb mineral Sacco 
10 Ib trace mineral salt 

2000 lb (Per cent protein, 13 06) 

The above rations are fed at tlie rate of 
4 to 6 pounds per day depending on the 
size of the gilt or sow When the gih ^ 
sow IS penned for farrowing, bran is su 
stituted for about one half of the above 
ration and continued for 2 or 3 days m 
lowing farrowing 
Sow Ration Free Choice 

Welbourn has experienced good resu ts 
in preventing agalactia and m increasing 
numbers and vigor in litters by starting 
the following ration, free clioice, about 
days prior to breeding and carrying 
right through the farrowing period 
600 lb corn 
600 lb alfalfa meal 
600 lb ground oats 
200 lb pig and sow supplement 35% 
tein 

2 000 lb (Per cent protein 12) 

A mineral mixture should be supph^*^ 
free choice, with the above ration 
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CHAPTER 37 


Hypoglycemia in 
Baby Pigs 


Mann and Magath (1922) demonstrated 
iliat hepaiectomy m the dog causes fatal 
hypoglycemia This brilliant observation 
has been confirmed many times The 
danger from hypoglycemia, even to life it 
self, has been well stated by Krehl (1955) 
He said ' The mammalian organism can 
not function without a constant supply of 
carbohydrate Any reduction of blood glu 
cose below a critical level will lead to dis 
aster, especially for the delicate ussues 
represented in the central nervous system 
which can use only glucose as a source o 
energy ’ 

The significance of Krehl’s statement is 
aptly illustrated by the syndrome of acute 
hypoglycemia in the baby pig T is may 
be spontaneous or be induced expert 
mentally by fasting or by the administra 
tion of insulin ' (Fig 37 1) 

This discussion is concerned primarily 
with spontaneous or clinical 
in the baby pig first reported by r a 
et al (1941) These observations were 
concerned with severe hypoglycemia en 
countered in entire Inters of newborn pig 
on numerous Illinois farms For ivan o 
better name at that time the syndrome was 
referred to as so called baby pig 
Ho^vever, m the first as m subsequent r 
ports emphasis was directed to the 
hypoglycemia which cliaracterize e 

a„d coroner. .ho«cd 
also causes fatal h)pos1)cemia m tne i«o 


order Attempts to demonstrate the pres 
ence of an infectious agent in the blood 
tissues and gastrointestinal content of typi 
tally affected pigs were unsuccessful No 
cliaractenstic gross pathological lesions 
were observed The stomachs of these pigs 
were usually empty, but in some a vari 
able amount ot curdled mill, was present 

Sampson and associates in 1942 re 
ported that a syndrome indistinguishable 
from spontaneous or clinical hypoglycemia 
could be induced experimentally in 
healthy baby pigs by subjecting » 

relatively brief period of faspng i e 36 to 
48 hours Subsequently, Hanawalt and 
Sampson (1947a, b) found that whereas 
newborn pigs were part.cularly susceptible 
to fasting or starvation hypoglycemia diis 
was not true for pigs of weaning age 
Weanling pigs could be fasted or starved 
at 60-70“ F for as long as 30 dajs without 
a dangerous fall in blood sugar (water and 
"Shallowed) Morrill (1962) showed 
SLt baby pigs fasted at 60“ F devetoped 
fatal hypoglycemia in about -4 
whereas'^^ath occurred in approximately 
72 hours at 90® F 

Goodwin (1955) at the School of Ve 
erinary Medicine of the University of Cam 
hniS. confirmed the Illinois observations 

On the basts of the latter findings and die 

ulB of his own observations, Goodwin 

concluded 


[5211 
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before the establishment of sausfactory gluco- 
neogenesis, a period of 3 to 4 days Avould occur 
m which the blood glucose concentration would 
be extremely unstable, fluctuating widely with 
the milk intake (2) Under the conditions of 
1 above, this peculiarity of carboh)drate me 
tabolism could influence most of the morbidity 
of this period, directing a great variety of 
aetiological factors to be expressed m common 
symptoms and rendering fatal several con 
ditions that could be surmounted in later life 
by the physiology of the adult 


ECONOMIC IMPORTANCE 


Evidence obtained from two widely sepa 
rated swine producing areas, by Sampson 
and associates in Illinois and by Goodwin 
in England, suggested that spontaneous or 
clinical hypoglycemia is an important 
factor in deaths of baby pigs Since partial 
or complete agalactia is known to be com 
mon among sows after farrowing, it is safe 
to assume that many litters of pigs die from 
hypoglycemia caused by starvation Many 
of these pigs are probably aushed by the 
sow when they become weak or are in 
hypoglycemic coma Goodwin observed 
starvation hypoglycemia m his field studies 
He said that entire litters of pigs m a pedi 
gree herd of Large White swine were dying 
on the second day of life 


uon from birth and clinical 
the litters confirmed the hypoglycemi y 
drome Furthermore, the stomaclis of in 
pigs were ballooned and together wi 
lower bowel, completely devoid of . 

terial cultures from piglets were ‘ , . 
pathogenic organisms The sows cxhi 
cUnJl signs %ot even loss of 
farrowing) apart from complete . 

Under these conditions in die field 
glycemic syndrome is seen in its m 
fonn and without complications 

Similar observations were made m Hh 


llUib 

Although agalactia of v arymg iniensi y 
probably the chief cause of hypog 
in baby pigs, cases do occur that 
ably are not due to a lack of milk secre 
In these cases, as menuoned H- 

siomadi of the pig contains “ » 

amount of solid curd Goodwin also 

attention to sucli cases It is not * ..jLi 
clear whether the syndrome is then 


by (I) some abnormality of the colostral 
milk, (2) a failure of normal digestion and 
absorption, or (3) other obscure influences 
Goodwin desaibes this group of cases 
under hypoglycemia secondary to some 
other clinical disorder and points out that 
death of the pig may or may not result 
from hypoglycemia Thus, hypoglycemia is 
often a primary condition and probably 
results from eitlier complete starvation or 
from a ‘ progressive reduction in milk in 
take, or secondary to some otlier clinical 
disturbance If primary, death usually re 
suits from hypoglycemia, if secondary, 
death, if it should occur, may or may not 
result from the effects of low blood sugar 


ETIOLOGY 

In the last analysis, a failure of gluconeo 
genesis would seem to be the most signifi 
cant influence m the pathogenesis of fatal 
hypoglycemia of the baby pig NevcrUie 
less, agalactia must be looked upon as i 
frequent predisposing or indirect cause It 
,5 not uncommon to find a number of 
sows in a herd that show eiUier 
complete agalactia (Carroll and 
1956) No sausfactory explanauon can be 
Kiven at this time for the failure of so many 
Us to seaele m.lk Adequate nutrmon 
during pregnancy is essential for lactation, 
but afalacua in many instances docs not 
appear to be assoaated with improper 
nutrition because usually a 
sows in alfccled herds proside enough mill, 
for Uieir litters 

Masutis, metritis, and oilier disorders arc 
probably responsible m some cases, but 
These would seem to be in the niinorits 
Perhaps most sows affected willi 
simply do not possess an inherent capacity 
to sTcreie agood flow of null. The report 
bs Goodwin lends support to tins new lie 
sated tliat in one herd, agalactia after 
farrowing affected so many sows dial die 
X br^eediiig stocl. had to hb 
Thus, agalactia should prose to be an in 
, cresting problem for more tcscarcli 

Sidl agalactia, oilier important ptc 
disposing causes of li>lsogI>ccmia wo 
opp fo insolse (1) disturbances tn the 



^ jj, L Hypoglycemia m baby pigs Upper, severe spontaneous hypoglycemia 
j j V P^o'^oced by fasting Lower, hypoglycem c coma pro 

doced by insul n in|ection Increasing stupor and finally coma ore manifested os 
the blood sugar level continues lo fall below 40 mg per 100 ml Convulsions may 
or may not be observed in hypoglycemia of the pig Note thot in the m ddle figure 
the four control, or non fasted, pigs show no signs of hypoglycemic The normal 
range of the blood sugar level of newborn pigs is about 60-140 mg per 100 ml 
with an average of approximately TOO mg (From Dukes, The Physiology of Do- 
mestic Animals, 7lh ed Courtesy Comstock PubI shing Associotes Ithaca, N Y , 
1955, p 539) 
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many respects to those observed in hypo 
glycemia induced by fasting or by tlie ad 
ministration of insulin (Sampson and Gra 
ham, 1943) The symptoms in the early 
stage of clinical hypoglycemia are often 
missed because weakness and lessened activ 
ity are not readily detected True blood 
sugar in vigorous, healthy baby pigs usually 
fluctuates between 60 and 140 mg per 
100 ml with an average of approximately 
100 mg (Sampson et al , 1942, Momll 
1946, Hanawalt and Sampson, 1947a. b 
Goodwin, 1955) So long as the concentra 
tion of sugar in the blood remains above 
50 mg per cent, the pig may not show any 
unusual behavior As the sugar level falls 
below 40 mg per cent, however, definite 
symptoms become noticeable When the 
level reaches 20 mg per cent or less, con 
vulsions and coma are imminent and al 
ways cliaracterize the terminal stage of Uie 
syndrome At this stage, the pig is unable 
to stand and often manifests galloping and 
otlier movements of tlie legs The head 
may be pulled backward or twisted to one 
side A decrease in body temperature ac 
companies die fall in blood sugar and is 
often lower dian 95® F in the terminal 
stage The skin is cold and the hair often 
stands upright Heart sounds become faint 
and imperceptible, and die heart rate is 
slowed. A weak squeal is soraetim« 
emitted Most of these sympionis. as well 
as odicrs, arc also mentioned in Goo 'y” * 
excellent description of expenmenfi ^ 
mg hypoglycemia of the baby pig ^ 
scribes dicsc signs as follo\>s 


Tlie newborn pig (once 

birih process and dry) is acme, >>g 

sirong^on its feet, insunily 5 ^“" 

scardi of food unless replete and 

m belmiour Tlic skin is reddish pink («l 

unpigmcntcd) and \cry warm ^ f 

usually slim/s rclamcl) liulc 

pearance uniil die blood glucose con ra 

lias declined to about 50 mg per 1 ^holc 

Uicreaftcr lU acmity and indeed lu 

mcubolism appears to run down 

work' fasliion and m step widi the . . 

cose Tlic progresme reduction m mciabol.^ 

» cMdcnccd most readily by this » ^ 

crease in activity at first ihc gait i» 

and tins dctcnoraies until the P'S 

balance only with the additional sup| P 


vided by its nose on the ground or by resung 
on the carpi and straddling the hind legs 
Later it may rest on its abdomen, but ulti 
mately it falls on its side and sliows no further 
activity until the onset of convulsions The 
latter are a common feiturc and although Uiey 
may be incomplete (hcsiunt frequently in 
terrupted or reduced m extent) they are usually 
unmistakable The pig cxliibits strong and 
regular galloping movements of the forelegs 
wi* full extension dunng each cycle Cor 
responding movements in die hind limbs arc 
generally less extensive the legs moving in a 
half flexed position or being dmvn up for 
ward against the abdomen During dicse move 
ments the head is drawn back slightly and die 
lower law champs rhydimically (typical air 
hunger signs) ilcscloping a IroUi about the 
mouUi The period just preceding the fort 
convulsion together ivitll the consulsion pen 
ods themsehes may be assoc.ated luih a tor 
tuous ngidily of die liunl. and nccL Further 
signs of the dechning metabolism arc die 
tn temperature (uh.cl. can be ajiprecialcd by 
feeling die skin), mcrcising bradycardia (die 
heart ®ratc can decrease from 
uer minute or less between binh anti the con 
ralsivc period) and the aswciaitd 
chances such as skin pallor Pig* m sudi straits 
even®when the blood glueose coneeniranon 
reinsicrcd as low as 7 mg per 100 ml nave 
been restored to normality following prompt 
glucose dicrapy 

pathological changes 

As stated previously, no cliancicnsuc 
gross pathologtol changes arc 
obscrscil at necropsy of pigs tMt the from 
uncomplicated hypoglycemia In some pigs 

the liver ami ltdneys are darL and cmi 
nested, but this can be explained by J^r 
ctrcnlatton during the 

nil flOlG) found some bimidal cliangcs in 

the liver of many pigs affected with spun 
taiicous hypoglycemia A few pv 
cither sponianrous or expcnmcnul fasting 
hylioglyceniia also shovved urates in the 
Ltdncyi. hut apparently there was no oil- 
strueiLn or bidney dyvluncliou Motnil 
stated dial the Iijioidal changes in die liicr 
niieht sujsest complicating factors. 

ff a complicating condilion mdi a> 
.rnorm- » involved in habv pig hvl»x.l) 
mma a in.t or all o[ the ga.lioinlc.i.ial 
met may be inlUmcd and injct'cd The 
HTtCtmal content .. ol.cti 
„„„li.)Uid. ami cillicr giaymi or 
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baby pig cliaracterized by impaired ap- 
petite and abnormal digestion and absorp- 
tion as may occur in scours or (2) other 
patliological conditions associated with tlie 
neonatal period (Fig. 37.2) . 

Evidence in support of a failure of glu- 
coneogenesis is found in the observation 
diat while healthy, vigorous baby pigs have 
from 2 to 6 per cent or more of liver 
glycogen, pigs that die from hypoglycemia 


have only a trace of hepatic glycogen pres- 
ent (Sampson et ah, 1942; Morrill, 1946, 
Goodwin, 1955) . Apparently the physio 
logical mechanism of gluconeogenesis re- 
quires a number of days after birtli of the 
pig before it begins to function effectively. 

CLINICAL SIGNS AND DIAGNOSIS 

Signs of spontaneous hypoglycemia are 
not pathognomonic but are similar in 


Disease in fhe Newborn Pig 


Factors origmating In the 
PiGlET 


Factor* originating in iho 
SOW 


Bacteria 

Straplococcut Grogp C 
Bocttrium cell 
Erysipelethrlx rhgtiopethiae 
Cleilridium weUhii, Type C 
Kemephilgi tuis 

Viruaei 

Tranimiiiible gattroeritcntit 
Au|«»xky'« di«eei« 

Oiher diseases 
Hemolytic diseose 
Myoclonia congenita 

Physical foclors 
Inluries 
Deformities 

SPECIFIC SYMPTOMS 

Relolive to the primory 
condition in the piglet 


MILK 



Interference 
vrith milk Intake 


wcicr 

COAAMON SYMPTOMS 

Weokness 
Hypothermia 
Hypoglycemic 
Bradycardia 
Pollor 

Dekydroiion 
Azolemia 
Convulsions 


Physical factor* 

InsufTieienl or blind teot* 
Under teots not ovailoble 


Temperemenl 

UnwiDlngneu t» nurse 
Cannibalism 


Agalactia or poor milk suppV 
General Infection (Swine fever, 
Auieszky's disease, Trons- 
missible gastroenteritis, etc) 

Mastitis 

Metritis 

Non infective loctotionol 
failure 


SPECIFIC SYMPTOMS 
Relative to the primary 
condition in the sow 



SYNDROME OBSERVED 


indlcotmg some of the probable Interrelations of physiological and 
pathological factors In deaths of baby pigs {From Goodwin. Courtesy British Veterinary 
Journoi, 1955, 3i361-72.) 
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ish white in color and sometimes blood 
stained Other changes ma> be present, de 
pending upon the nature of the primary 
disturbance 

Kernkamp (1950) has desaibed the com 
paratise pathology and differential diag 
nosis of some common diseases of baby 
pigs, including hypogl)cemia 

TREATMENT 

Mann and associates (1944) found that 
an injection of glucose was the most effec 
ii\e way to alleMate hypoglycemia in de 
hcpatized animals Injections of sugar can 
be guen either intra\enously or intraperi 
toncally In die baby pig, the intraperi 
loneal route is preferable To be effecme, 
howe\cr, glucose must be given early in 
the stage of die hypoglycemic syndrome 
Temporary stimulation and relief can be 
obtained when an injection is given after 
prolonged coma of one or more hours, but 
recovery is not the rule even though no 
complicating disease or condition is in 
volved This is also true when glucose is 
injected to alleviate die elTects of experi 
mental hypoglycemia m the pig (Sampson 
and Graham, 1913, Sampson, 1950, Good 
wm. 1955) 

In hypoglycemia secondary to sonic other 
disorder, a favorable response is more ccr 
tarn if the first injection of glucose is 
given 111 die early suges of convulsions or 
coma die final outcome depends upon the 
nature of the primary disturbance In 
nnny of dicsc cases, deitli occurs despite 
treatment in any form 

If sicnlc glucose solution is used it can 
be given in 5 to 50 per cent concentration 
One or 2 ml of 50 per cent, or approxi 
iinicly 15 ml of 5 per cent glucose can be 
injected several hours apart- Sonic vcicri 


narians prefer the 5 per cent solution be 
cause this concentration is near isotonic 
strength If the pigs can swallow, a pro- 
cedure that has been recommended is to 
give eacli pig one tablespoonful of 50 per 
cent glucose solution three times daily 
The administration of sugar (or syrup) 
can be discontinued as soon as the pigs 
will drink milk or consume a milk sub- 
stitute It IS believed by some that soiur 
ing is less likely to occur when a good, 
balanced milk replacer is fed than when 
cow s milk IS given either alone or as a part 
of a formula for orphan pigs (Nutrition 
News Bull , 1956) Overfeeding should be 
avoided The problem is simplified if die 
litter can be divided among several sows 
that give enough milk 

PREVENTION AND CONTROL 

Since the baby pig has difficulty main 
taming a safe blood sugar level for approM 
mately one to two weeks after birdi d 
fasted or starved for even a relatively sliori 
time, especially in a cold environment, it u 
imperative Uiat protection against such 
hazard be provided during this intcnal 
Prevention against chilling is im|>ortant 
under any circumstance but partiadarly so 
when the pig obtains insufficient amounts 
of milk 

A program which embraces all basic 
principles of good swine husbandry, 
proper nutrition of die sow during pt^S 
nancy, recognition of die urgent need of 
die litter for adequate nourishment during 
the first week or two after farrowing, unu 
reasonable protection of baby pigs against 
exposure to chilling, infection, and <^dicr 
harmful influences should prove helpful 
m die prevention of losses from hypogl) 
ccmia 
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Some o£ the more common names which 
have been applied to the disease of baby 
pigs characterized by a congenital tremor 
are shakes, trembles, shivers, jumpy pig 
disease, and danang pigs (Hughes and 
Hinman, 1936, Kinsley, 1922, Knilans, 
1936, Lamont et al, 1950, Luke and Gor 
don, 1955, Nissley, 1932, Payen and Four 
nier, 1934) Kernkamp (1950) suggested 
that tins disease be called myoclonia con 
gemta 

Continents on which the disease has been 
reported are North America, Europe, and 
Australia The distribution witlun the 
United States is only sketcliily known, but 
Its occurrence is apparently not limited to 
any one portion of tlie country No esti 
mates of the incidence of myoclonia con 
genita have been published, but tlie situ 
ation m die state of Minnesota can be 
cued as an example Over a period of ap 
proximately 18 mondis diere ivere report 
of over 150 litters of baby pigs affected vvitii 
tremor These reports involved 35 different 
herds which were fairly evenly distributed 
diroughout the swine raising areas of t ic 
state The significance of these numbers in 
terms of total incidence is not known Rc 
l>oris from odier countries indicate tliat 
die disease is fairly prevalent m some 
areas and may be increasing out of pro- 
portion to die total increase in swine popu 
laiion 

Tlic disease is known to occur in a wh c 


variety of breeds and crossbreeds and so 
far dierc has come to light no information 
on breeds of pigs that arc not susceptible 
to myoclonia congenita Although the 
overall mortality appears to lie low, die 
neonatal dcaUi loss in mdivulinl litters 
may be relatively high 


The etiology of mjoclonia congenita of 
[>aby pigs has not been demonstrated 
Early Uieoncs whicli postulated a genetic 
Jefcct have been fairly well refuted by 
reports of closer observations Hmdmarsh 
fl937) and Larsson (1955) reported dial 
LUO matings of a specific boar to the same 
female produced one normal litter and 
>nc Jitter with tremors 
Several authors, BrooI.sbank (I9a5) 
Florio et al (1956), and Hindmarsh, have 
,ut fortli Uic iuggesfon tl.at 
:„„gcn.la n.ay be a v.ral dRcaR: Ur^ 
lank postulates that a subclinical tiral in 
•ecuortn tlte tiant dunng U.e gestatton 
aeriod may be tlie underlying cause No 
f:«„mTnml ct.dcnce l.a. been .u,.,.be,l 
o support these diconcs 
Although the mechanism o( ' 

tot clear, outbreaks of m)oc oina con 
■cniia olicn appear more or leu imiiil 

^■Sa-k'b'n^^:»-t;::ii: 

bt^ufed m Inc an ol ‘the X' rdM.!’.. 
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ewly acquired boar Although at present 
t IS impossible to say what role the boar 
ilays in the transmission of congenital 
remor, it appears to be an important one 
fhe disease seems to run its course in the 
lerd in one or rarely two farrowings 


Neieitheless it may be safer in most cases 
to leplace the boar as soon as possible 
Attempts h) Larsson to reproduce ni)0 
cloma congenita by mating pigs whicli Iiaic 
suffered from the disease ha\e not been 
successful 
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CLINICAL SIGNS 

Lnimals afflicted with this disease al 
most imanably show die signs immediately 
or witlun a few hours after being born 
The manifestation is essentially a tremor, 
uith occasionally an associated hind limb 
iseakness The tremor may vary from a 
fine, almost imperceptible tremor to a 
coarse twitcliing of die limbs This twitch 
ing may be so severe that the baby pig 
literally jumps off the ground with one or 
bodi hind limbs The tremor may involve 
different skeletal muscle groups in varying 
degrees Therefore some animals may show 
a marked head tremor, some a marked 
hind limb tremor, and some a more or less 
generalized tremor In affected animals 
there is usually a dramatic cessation of 
tremor activity as soon as the pig lies down 
The rhythmic, abnormal, muscle activity 
may cease entirely or be replaced by oc 
casional twitching of single muscles or 
muscle groups When the pig arises the 
tremor returns Seriously affected animals 
show a continuous tremor while standing 
As recovery progresses the tremor may be 
come iniermiiteni 

Several factors are known to aggravate 
die tremor These are excitement, cold 
environment, ingestion of cold liquids, 
and parenteral administration of epineph 
nne (Sirombcrg, 1956) 

Mild cases of tremor may cease to show 
any signs in a matter of hours In others 
die tremor may persist for several weeks 
or mondis Affected animals whidi no 
longer show tremor signs under normal 
conditions may begin to tremble under 
conditions of excitement or stress The 
seventy of symptoms during die first few 
days of life is not necessarily a aiicnon for 
predicting the time wliicli will elapse be 
fore complete recovery 
In most cases of myoclonia congcnit*) 
ihc prognosis appears to be good if die 
pigs survive the first ! or 5 davs after binh 

PATHOLOGICAL CHANGES 

Turbes et al (1956) report finding pig 
inciu infiltration in die cerebellum of pigs 


affected with congenital tremor The same 
authors have also noted degeneration of 
Purkmje's cells m some areas of the cere- 
bellar cortex in affected pigs These lesions 
cannot be said to be pathognomonic for 
this disease, however, and these findings 
have not been confirmed elsewhere 

Flono et al have noted what diey felt 
to be thyroid abnormalities, but the ina 
jonty of authors have failed to find either 
gross or microscopic lesions in pigs with 
congenital tremor 

DIAGNOSIS 

Because of the unique nature of this dis 
ease, differential diagnosis is not especially 
dilficulL Affected pigs usually appear 
healthy and normal except for the pres 
ence of tremor Symptoms are present at 
birth or very shortly thereafter The dis 
ease may affect part or all of a litter anc 
the seventy may vary within the hd^ 
Spontaneous recovery may occur rapuliy 
over a period of days or may be prolonged 
for several weeks 

TREATMENT 

Several methods of treatment have been 
tried but none have been definitely proven 
to hasten die recovery of pigs showing the 
tremor Since cold is known to aggravate 
die tremor, it follows that at least in co 
surroundings the removal of these pigs 
a warm environment may offer partial rc 
lief 

IMMUNITY 

Since no infectious agent ha* 
demonstrated as a cause of diis diseasCr 
there is Imlc which can be said with re- 
spect to xminuniiy Appircnll) females 
which have produced litters with uenim 
will usually produce normal litters at su 
sequent farrow mgs 

EPIZOOTIOLOGY AND CONTROL 

In herds where inyoclonn congenita i| 
1 problem the history iisuallv reveals i ‘a 
the disease appeared in the offspring o 
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CHAPTER 39 


Infectious Atrophic 
Rhinitis 


Infectious atrophic rhinitis is a transmis 
sible disease of swine diaractenied by 
atrophy of the nasal turbinates The 
atrophy is usually liraited to the nasal 
turbinates but m severe cases rarefication 
of the nasal, premaxillary, or maxillary 
bones may occur The inferior scroll of 
die ventral turbinate is the region most 
commonly affected, although any portion 
of the dorsal, ventral, or edimoid turbi 
nates may be involved Lesions of this con 
dition are most common in swine two to 
five months of age All diseases of swine 
causing turbinate atrophy are called in 
fectious atrophic rhinitis As additional 
information becomes available, it may be 
desirable to reserve the term infectious 
atrophic rhinitis for the disease produwd 
by one etiological agent Synon)nis for ims 
condition arc SchnuOelhrankheit, snovle 
syge, sneezing sickness, sniffling disease 
dystrophic rhinitis, atrophic rhinitis, A K . 
and rhinitis dironica atrophicans 

HISTORY 

Franque (1830) published die first re 
port describing this condition 
recognition in Germany He reporied i >a 
affected swine did not fatten, devciopeu 
an atrophy of the nasal and cdimoid turln 
nates, and in severe cases, a malformation 
of the nose The condmon may have been 
present m Germany a considerable omc 

prior to this report since Sdincidcr ( r } 

was able to obtain evidence that the con 


diiion had been recognized for at least 70 
to 80 years York (lOH) reported typical 
clinical evidence of this condition m a 
herd of swine in the United States How 
ever the first group of workers to report 
that infectious atrophic rhinitis existed m 
the United States was Doyle et al (I9H> 
EUology. Franque (1830) 

(1842) , Besnoit (1903) , and Busolt (191-) 
believed that the lesions observed m this 
syndrome were suggestive of a nutriiioinl 
deficiency Several of tliese workers rc 
ported that dietary suppleinentauon he ped 
correct Uic condition Bone meal, lime 
phosphate, and cod liver oil 
tioned as having beneficial results Sdiclj 
(l890),Hinlzc (1909) , Wirili (1910), and 
Incier (1913) confused the condition with 
osLsarcoma and osteodystrophia fibrosa 
of the nasal cavity The possible role of in 
heritancc accounting for die ^ 

been mentioned by ’ 

Sclmcider (1878). * 

trace (1937), and Bouclicr (19H) 
franque (1830) and RadUc ('338) 
sened dial shun nosed suine 
have more severe turbinate airophy On 
!he otto >.and. MacNabb OOISO). Cej, 
tlrcau (1918), Gilman (1919). and Flatla 
and Rracnd (1933) (ailed to find any tor 

rclatton betucen (ac.al confortnanon or 
d,^ro( tnbrred.ngand seser.t, of nub, 

""■;!:ir&e ronfnud acute (uc 
teru! rluntn. uub ■■■(«••■»“ 
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Infectious atrophic rhinitis is a transmis 
sible disease of swine characterized by 
atrophy of the msal turbinates The 
atrophy is usually limited to die nasal 
turbinates but in se\ere cases rareficaiion 
of Ute nasal premaNiIlary, or maxtllar) 
bones may occur The inferior scroll of 
the ventral turbinate is die region most 
commonly affected, although any portion 
of the dorsal, ventral or edimoid turbi 
nates ma) be involved Lesions of dus con 
dition are most common in swine two to 
five months of age All diseases of swine 
causing turbinate atrophy are called in 
fcctious atrophic rhinitis As additional 
information becomes available, it may be 
desirable to reserve die term infectious 
atrophic rhinitis for the disease produced 
b> one etiological agent Synon)ins for dm 
condition arc SchunOelhrankhctt, snovie 
syge, sneezing sickness sniffling disease 
d)sirophic rhinitis, atrophic Thmius, A K , 
and rlunitis chronica atrophicans 

history 

Iramiuc (1830) published die first rc 
I>ort ducribing this condition after its 
rccogniiion in Germany He rc|)oricd m 
alftcicd swine did not fatten. dcvcloiKU 
an atrophy of the nasal and cdimoid i»r » 
naics, and in severe cases a iiialforinaiion 
of the Host The tondiiion may " 

prevent m Germany a considerable tunc 

prior to Uns rc|>ort since bchneidcr f • ) 

was able to obtain evidence that the con 


diiion had been recognized for at hast 70 
to 80 years \ork (1911) reported typical 
clinical evidence of dus condition in a 
herd of swine m the United States How 
ever die first group of workers to report 
that infectious atrophic rhinitis 
the United States was Doyle et at (19 n) 
Etioloiry. Franque (1830) Hcring 
(1812), Besnoit (IDOJ), and Uusolt (I9I-) 
believed that the lesions observed m this 
syndrome were suggcsuve of a nuiritioml 
defiaency Several of diese workm re 
ported that dietary supplementation he peU 
rorrcct the condition Bone meal, hmc 
phosphate, and cod liver oil men 

iioncd as having beneficial ^ 

(1890), Hiniic (1909),U»rdi (1910), an 
Incicr (1913) confused the condition with 
osteosarcoma and osleodjstroplna ftbrosa 
of Utc nasal cas.l) The |mss,blc " 

licrilance accounting for the ‘ 

been menuoned b) ' 

Sclmcdcr (1S78). ‘ /mn ' 

krapc (1937). and BoiicJicr (1911) 

Hanqnc (1830) and Radllc 
sersed that short nosed issinc tended I 
hasc mote sesetc turbinate altopli) On 
he other hand, MaeNahb (lOlab). Oen 
dreau (1913). G.lman (1919). and Flalla 
and IJracnd (19a3) failesi to fmd an, cor 
“llton bets ecu far.al eonfo.nsauon or 
dt^rof snbtteshng and Ksety of .mb, 

"^S^sSssotleit base tonfosed oeuie b« 
trrl^l th.nin. fsth snfettsoo. atto, •ne 
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agents capable of producing turbinate 
atrophy in swine Shuman el al (lOaS) 
found tliat swine influenza did not apjjcar 
to be invoUed m the production of turbi 
nate atrophy in a herd tliey studied Keiii 
kamp (1952) felt that pulmonary and 
gastrointestinal disturbances tvere not es 
pecially characteristic of this condition 
Done (1955) reported the occurrence of 
inclusion bodies in the nucleus of certain 
cells of the tubuloalvcolar glands of Uie 
nasal mucosa of >oung pigs affected with 
a rhinitis He reported tliat the inclusion 
bodies were present in the early stages of 
naturally occurring and experimentally in 
duced infectious atrophic rhinitis 

Several groups of workers ha\e found 
that chronic bacterial rhinitis will produce 
turbinate atrophy Thus Gilman (1919) 
cued McKay s unpublished eNpenments as 
indicating that Sp/ierop/ioriu ucctopitorus 
and Pasteujella multocida acted sjner 
gistically to produce turbinate atrophy 
Gwalkin et al (1933) found Uiat certain 
strains of P multoctda alone would pro 
ducc turbinate atropli) Gwaikin and 
Dzcnis (1953) extended these observations 
and found tint certain P muUoctda from 
pneumonic swine lungs or atrophic turbi 
nates would produce atrophic turbinate* 
in pigs and in rabbits Flaila and Ilracnd 
(1933) and Bracnd and Flaila (19 j!) re 
[lorttd that cultures of P multocula re 
covered horn atrophic iiirbuntcs would 
produce l)pical turbinate atrophy when in 
stilled intranasally in )oung pigs 

Mcka> and Carter (19j3b) reported 
that turbinate 3lroph> in swine could be 
produced b> the insliHaiion of ribbii ab- 
scess material produced by ibe injection of 
crude atropine swine iiirbimic iinitrial 
subcutaneously into rabbits \ficr one or 
two rabbit passages the rabbit absc«s 
material consistently yielded PaUeutella 
muUucidii and Ltvpc colonies of Spheri^ 
phoms nrcroplioTiis However, pure cu 
tures of P mulloctiia filled to prot ucc 
turbinate atrophy in any of iSic 
P«^v Sdioficia and Robertson (I 
notctl that various isolates of /’ «imroc»*.d 
fadeti to prcKlticc uiibinatc airoj”’' “ 


that tins same organism did produce uirbi 
nate atrophy in one trial when inoculated 
concurrently wiUi Pseudomonas acni^i 
7iosa Young pigs placed in a pen vacated 
3 weeks previously b\ pigs with turbinate 
atrophy did not develop turbinate atropliy 
Gwatkin ct al (1951) again demon 
strated that cultures of P inullocida woukl 
produce turbinate atrophy when mocu 
lated into suitable baby pigs 1 hese pi„$ 
vecrc found to transmit the roiulition to 
contact pigs Cwaikin and D/cnis (PJu) 
amplified ihcir previous findings that P 
mullocula cultures were capable of pio 
ducing turbinate atrophy in swine iml 
rabbits The rabbit material was infcciious 
for swine Switzer (I'bfi) found that ccr 
tain P multoctda cultures isolated from 
atrophic turbinatts would produce turbi 
nate airophv in biby lUp,' Heddlcston rt 
al (19al) 'vcrc unabU to roriclatc P 
mullocula with tiirbmitt atropbv in the 
pigs ibcv examined and Suii/er (19 j 1I)) 
clcarlv demonstrated that P iiniliocuh 
was not the cause of turbinate atropbv in 
an infected experimental bud 

Boigmann (19 j 3) dcmoiuinted ibit the 
cases of turbinate atiopbv be eximintd 
were not due to Lr,sipelotimx thusu 
palhtac, as suggested by Messmorc (lya-a 


Swii/cr (IUjG) rcijortcd tlut lUaU^cnti 
(%cry siimlir if not identical with / 
ecahs) recovered from urojibic swine 
mbiu lies pioduccd lurbiinic iiiopby 
vhtii imtillcd imraiusally m babv p s' 
[|c also noted that prolongcil chemical ii 
nation of the nasal cavities of cv|>cii 
iieiiul pigs fretiucndy pro^luccd ibinius 
\itli turbinate itropliv 

\ filter passing a^iiu iKbcscd to a 
.lewtopneuinmialikc oiganism was i«.- 
aled by Svsit/er (19^14) fiom ihc naval 
•avitic^ of swine willi luib.iutc air. j o 
.M.cii Switzer (I9a3b) luuuUud this ii 
amsm intraiusallv inio youi^ ^r,i,\‘i, 
turbuiate atro, by . caufcd alil i s • 

; uuld tlunius with hsi-cr| a.ia . t 
ubmutvul Ivmjb ^ 

„U4jKrimical uukkIucu m . f ib ^ 
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rhinitis Thus Immmger (1890) , Koske 
(1906) Manninger (1930) , and Eber and 
Meyn (1934) believed that acute rhinitis 
due to Bacillus pyocyaneus or Pasteurella 
sp IV as similar to infectious atrophic 
rhinitis 

Many workers have expressed the opin 
ion that this condition resembled a chronic 
infectious disease Franque (1830) , Jensen 
(1916) , Petersen (1925) , Petersen (1926), 
Jensen (1933) , Thunberg (1937) , Radtke 
(1938) , Thunberg and Carlstrom (1940) , 
Reinboth (1940), Do)le et al (1944), Isa 
(1944) . Connell (1945) , McClelland 
(1945) , Phillips (1946), Slagsvold (1946), 
Duthie (1947) , and Moynihan (1947) be 
lieved that they were dealing with an in 
fectious disease Although several of these 
svorkers attempted to transmit the condi 
tion experimentally, none reported success 
except Radtke (1938) The basis for sue 
cessful transmission of the condition was 
developed by Jones (1947), Phillips et al 
(1948), and MacNabb (1948a) They 
found tliat pigs inoculated with atrophic 
tuibinate material during the first few days 
of life frequently developed turbinate 
atrophy Jones (1947) and Gwatkm et al 
(1949) reported tliat pigs exposed at a 
few iveeks of age did not develop lesions 
while pigs exposed very early in life did 
develop them 

Smith (1953) observed that pigs 4 to 8 
weeks of age did not develop lesions when 
placed in contact with infected swine 
Braend and Flatla (1954) noted that pigs 
exposed at 4 weeks of age developed mild 
turbinate atrophy while pigs exposed at 6 
weeks of age did not On Uie otlier hand, 
Gendreau (1918) observed that pigs 7 to 
8 weeks old acquired infectious atrophic 
rhinitis when placed in a pen which had 
previously contained infected pigs Doyle 
(1950) also observed tliat 10 week old pigs 
developed clinical evidence of the disease 
after introduction into an infected herd 
Switzer (1951) reported that Trtcho 
tiwtias sp occurred in about 80 per cent 
of swine nasal cavities exhibiting tiirbinite 
itroph) and in onlj 2 8 per cent of grossly 
noninl swine nasal cavities He was unable 


to establish cultures of tlie tricliomonad 
m the nasal cavities of experimental pigs 
and concluded that a mild rhinitis would 
probably favor its establishment He did 
succeed in establishing both the swme 
nasal tricliomonad and Trichomonas suw 
m the bovine vagina Simms (1952) sug 
gested that the nasal tricliomonad was 
probably involved in one way or another 
in the production of turbinate atroph) 
Shuman et al (1953) noted that 40 7 per 
cent of a series of swine with turbinate 
atrophy harbored tnchomonads in their 
nasal cavities while 15 6 per cent of the 
nonaffected pigs had tnchomonads Spind 
let et al (1953) presented evidence mdi 
eating an etiological relationship between 
tnchomonads and turbinate atrophy R^y 
(1953) concluded there was insufficient 
evidence to establish tnchomonads as the 
etiology of infectious atrophic ihmitis 
Levine et al (1954) were unable to pio* 
duce turbinate lesions m young pigs “Y 
the intranasal inoculation of bacteria free 
cultures of nasal tnchomonads recovered 
from field cases of infectious atropmc 
rhinitis Brion and Cottcreau (1954) note 
that tnchomonads were frequently present 
m the nasal cavities of swine witli turbinate 
atrophy Hansen and Flatla (1955) 
ported that pigs with atrophic turbinates 
frequently harbored nasal trichomona s 
but that cultures of the trichomonad oi 
not produce turbinate damage 

Several workers have reported that a 
filler passing agent or agents would pi® 
duce turbinate atrophy Radtke (1938), 
Phillips (1946), and Switzer (1953a ana 
1956) have observed on occasion that cer 
tain filtrates would produce 
atrophy Jones (1947) , MacNabb (1918a). 
Gwatkm et al (1949) , Schofield and Jones 
(1950), Gwatkm et al (1951). 

Braend (1953) , Braend and Flatla (19o / ’ 
and Gwatkm et al (1954) found Uiat hi 
irates of atrophic turbinates did not r 
pioduce the condition It has 
gested by Radtke (1938) , Reinboth (19m;, 
Slagsvold (1946), Sandsicdt (1948), 
Switzer (1954b, 1956) tliat certain 
monic swine lungs contiin an agent 
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kittens guinea pigs and rabbits failed to 
produce any gross lesions Gwaikin and 
Plummer (1949) ^\ere unable to produce 
rhinitis by tlie nasal instillation of crude 
material and filtrates from affected pigs 
into mature and baby mice hamsters 
guinea pigs and rabbits Shuman et al 
(195Ga) noted that a turbinate atrophy 
factor was able to sun-i\e for about 3 
ivceks in the nasal cavity of die albino rat 
These workers also noted Schofield s report 
that the domestic cat could be a earner 
of this condition 

SwiUer (1954d) noted severe turbinate 
atrophy in a few montlis old calf with a 
persistent nasal discharge Streptococcus sp 
was recovered from the nasal cavity of this 
specimen 

Lesions Franque (1830) reported that 
swine allected with this condition de 
V eloped an atrophy of the nasal and cth 
mold turbinates with a subsequent mal 
formation of the nose and in severe cases 
exhibited nasal hemorrhage Spinola 
(1858) Haubner (1873) Schneider 
(1878) Scliell (1890) Imminger (1890) 
Besnoit (1903) Koske (1900) Hinuc 
(1909), UirUi (1910) Busoli (1912) and 
Ingier (1913) reported lesions they ob 
served m cases of infectious atrophic 
rhinitis However during this jvcriod tlicrc 
had developed a tendcnc) to refer to il 
most any involvement of die nasal cavity 
by this term so a diversity of lesions was 
recorded Jensen (I9IG) rcvicvvcd Uic 
literature that had accumulated about this 
condition and pointed out that 3 distinct 
disease syndromes v^erc included under 
om. name (1) acute infectious nasal 
catarrh (J) bone inalfonnations such as 
ostcojKirosis osteomalacia nckcis or ostitis 
fibrosa deformans of die facial bones (3) 
a condition similar to the ori^m**! 
saibcd by Franque and characterized by a 
chronic airophy of the nasal turbinates 
folIov\cd by a chronic purulent nasal 

catarrh 

I’cictscn (I92b) noted dut die aiiopn^ 
tutbinatcs contained very hiilc os>cous tis 
me and dut atrophy of die lurbinaics was 
a {icriiuncnt change Mihou^h Ho un 


(1937a) believed the condition was a her 
cditary defect he noted diat if only one 
side of the nasal cavity was affected the 
nose was distorted laterally but dial if 5ot/i 
Sides were affected the pig usually had a 
shortened nose He demonstrated turbinate 
atrophy by radiograplis 

Radtkc (1938) concluded that die pnn 
cipal lesions observed in this condition 
resulted from an mflanmntion of the nasal 
and sinus cavities The indammatory re 
action appeared to involve die mucous 
membranes iiiuially widi subsequent action 
on die periosteum This resulted in alter 
ation of the osseous structures of ilic n isal 
cavity In cases whcic this process was more 
intense on one side lateral dtv i ition of the 
nasil cavity was observed I lie normal for 
Illation of the sinuses appeared lo be dc 
pendent upon proper function of the 
mucous membrane When the innuium 
tory process involved die mucous mcm 
brane of the sinuses iherc frequently wav 
an alteration m the noniial development 
of the sinuses cspecnlly the front il smuvev 
widi a rcsuhani alicrauon m the contnir 
of the skull RadiU concluded dut du 
deformities of the skull observed in din 
condition resulted from the faulty develop 
ment of die nasal and cdimoid iiubnuict 
and die sinus cavities due to a cJiromc in 
(Jammation 

Doyle et al (1911) noted dut die j rin 
cipal lesions were bone distortion atrophy 
and cJuonic inflammation of die luul 
niucosa with some necrosis. The tharac 
icristiC gross lesions were dcsaibed by 
Phillips (19H>) a* due to a jroHicnne 
dissolution of the mfter bony urucinics of 
the nasal cavny ^ chronic intUmnunon 
of the nasal mucosa | icccdcd die i'ccjIu 
ricaiton of die nasal and cduio J turli 
nates. While dccalcificau )ii of die turli 
nates was occuini f, a similar but less 
noiucablt. ahctJlion of die 1 aider farial 
bones occulted Has puducol du urn n 


die t‘ . , I V I . 

he uunal teatn m oldened Ij 
I lo occur in 1* e aaul cai rs 

k^.nc adccicd s,n‘i du c a ».>* 
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fibrinous pericarditis, pleuritis, and pen 
tonitis An arthritis occurred m some cases 
The organism 'I'.as recovered from field 
cases exhibiting similar lesions Carter and 
McKay (1953) reported that they believed 
many of the L type Spherophorus necro 
pliorus colonies that McKay and Carter 
(1953a, b) recovered from the nasal cavi 
ties of swine and from rabbit abscesses pro 
duced by the subcutaneous inoculation of 
atrophic turbinate suspensions, were in 
reality pleuropneumonia like organisms 
Recovery of the previously reported organ 
ism from 20 of 28 pneumonic swine lungs 
was reported by Switzer (1954a) Carter 
(1954) found that baby pigs developed no 
lesions when inoculated intranasally with 
cultures of a swine pleuropneumonia like 
organism He isolated a pleuropneumonia 
like organism from 3 outbreaks of sero 
fibrinous pericarditis, pleuritis and pen 
tonitis in swine Young pigs inoculated 
mtrapentoneally with these cultures de 
veloped lesions similar to those observed in 
the field case, and the organism was re 
covered from tliese lesions Switzer (1954b) 
reported the cultivation m artificial 
medium of the organism he had previously 
isolated A more complete descnption of 
tins organism was presented by SwiUer 
(1955), who proposed die name Myco 
plasma hyorinnxs This organism was re 
covered from about 60 per cent of the 
swine nasal cavities he examined regardless 
of die presence or absence of turbinate 
atrophy Carter and Schroeder (1955, 
1956) reported that a pleuropneumonia 
like organism was common in pneumonic 
swme lungs but did not appear to be the 
primary cause of the pneumonia Gwatkm 
et al (1954) found that 3 of 14 baby pigs 
inoculated with cultures of a swine pleuro 
pneumonia like organism had pus m their 
noses but no turbinate atrophy, and the 
remainder appeared normal 

Switzer (1956) reported that nasal 
turbinate atrophy occurred m suitable ex* 
penmcntal pigs as die result of intranasal 
instillation of eidier P multoada, Alcah 
genes sp , filter passing agent (s), or mild 
chemical irritants, indicating that all turbi 


nate atiophy in swine was not die result 
of a single etiological agent 

Species affected. Most of the workers 
dealing with infectious atrophic rhinitis 
of swme have confined their observations 
to swme Therefore, it is to be expected 
tliat no mention is made of the presence 
or absence of similar lesions in other 
speaes Jensen (1916) stated that the con 
dition was confined to swme He noted 
that turbinate atrophy had not been ob 
served in any other species except man and 
that transmission from swme to man did 
not occur 

Gwatkm ct of (1953) found diat rhinitis 
and turbinate atrophy were produced in 
some rabbits inoculated intranasally with 
cultures of P multocida and wiUi crude 
turbinate suspensions from pigs vvith turbi 
nate atrophy They demonstrated serial 
passage of P multocida m the inoculated 
rabbits Gwatkm et al (1954) noted that 
after 8 rabbit nasal cavity passages, 
rial that had originally been very active 
in the production of swme turbinate 
atrophy produced only a moderate degree 
of turbinate atrophy in swme The P 
multocida recovered from this eighth pas 
sage material did not produce atrophy o 
swine turbinates Gwatkm and Dzenis 
(1955) reported that a suspension of nasa 
curettings from a pig with turbinate atro 
phy produced atrophic rhinitis m 6 of 7 
rabbits All 7 yielded P multocida on cu 
lure The same material failed to produce 
atrophic clianges in the nasal turbinates 
of white mice, white rats, or guinea pig* 
In two trials atrophic rhinitis was produce 
in rabbits for 3 and 14 passages, respec 
tively P multocida was isolated from i 
high percentage of tliese rabbit lesions 
Thunberg and Carlstrom (1940) 
ported they had observed several cases 
where cau and even dogs kept m contact 
with infected pigs developed a rhinitis an 
purulent conjunctivitis Jones (1947) o 
served Uiat cats kept with infected hems 
often developed a purulent rhinitis an 
occasionally a conjunctivitis However* 
inoculation of crude atrophic turbinate 
suspensions intranasally into 6 wcek-o 
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Isle of Man had lesions of this condition 
In addition this same worker noted tliat 
as early as 1847 Youatt had evidently ob 
served this condition m England 

In the United States infectious atrophic 
rhinitis occurs m all of the major swine 
producing areas It is estimated that from 
o to 10 per cent of the slaughtered swine 
in these areas have turbinate atroph) 
Bennett (1951) reported that of die pigs 
over 3 weeks of age submitted to the Iowa 
Veterinary Medical Diagnostic Laboratory 
during a 6 week period 59 had gross lesions 
of infectious atrophic rhinitis while 83 
showed no nasal alteration This was an 
incidence of 41 5 per cent 

Not all herds in a given area will have 
this condition although it is probable dial 
the majority of the herds will have a low 
incidence of lesions On the other hand 
there will be some herds m which a high 
percentage of the individuals exhibit 
symptoms and lesions of this condition It 
IS these so called problem herds that have 
alarmed the swme industry 

ETIOLOGY 

The etiology of turbinate atrophy of 
swine has not been completely elucidated 
However, there recently has been an en 
couraging increase in our knowledge of 
this phase of infectious atrophic rhinitis 

It has been demonstrated repeatedly by 
several different groups of workers study 
mg dus condition that certain isolates of 
Pasleurella jmiUocida will produce typical 
turbinate atrophy It is not possible to re 
cover dus organism from all cases There 
arc indications that in certain herds m 
certain localities P muUocida constitutes 
the primary etiological agent produang 
of this IS that m other herds in other areas 
P inuUocida does not appear to play :my 
role in the production of turbinate atrophy 
The possible role in Uiis condition of other 
domestic or wild animals as reservoirs o 
P multocida has not been adequate > 
studied aldiough it has been ndicr con 
clusivcly shown that laboratory rabbits can 
function as reservoirs U has been csia 


hshed that P multocida isolated from 
pneumonic swme lungs may also produce 
turbinate atrophy 

It has been demonstrated that m some 
herds a transmissible turbinate atrophy 
occurs diat is not associated widi P multo 


cida but IS due to a large filter passing 
agent or agents that also occur in some 
pneumonic sw^ne lungs It has not yet been 
established whether this agent or agents 
play any role in the production of pneu 
monia No information as to its field dis 
mbution or host range is available 
Still another bacterium has been found 
capable of producing turbinate atrophy 
This IS an Alcaligenes sp tint is very 
closely related to if not identical with I 
fecahs Again it is not known how widely 
distributed tins organism is in the swme 
population In certain cases tins oiganism 
has been recovered from pneumonia oc 
cumng in association with turbinate 
atrophy Pure cultures of ilic organism 
have produced pneumonia in experimental 
pigs Tliere appears to be a problem in 
maintaining die virulence of this organism 
in artificial medium so that it vvill product 
turbinate atrophy and pneumonia This 
organism may be relativ ely long In cd Rub 
ber stoppered broth cultures have been 
found to be viable after storage for one 


year at 37° C 

The fact that airopli) of the nasal turbi 
nates may not represent a specific Unease 
IS emphasized m that prolonged miriinsal 
adiijinisiraiion of chemical imiints to 
vouiig pigs will produce rhinitis with some 
turbinate atrophy Jt is quite hkcly that 
additional agents will be elucidated as the 
study of this disease syndrome progresses 

It must be kept in mind that in addi 
non to dicsc primary agents sccondarv 
bacteria and protozoa mav increase the 
seventy of turbinate atropliy Studies liavc 
not progressed suiricicnih so diat die cf 
fccts of spcafic secondary invaders follow 
ing known primary tiiologiril agents have 
been evaluated However it would api>car 
that hyothims uiinaincd 

nleuropneumoiiia like organnnn 
monos sp tlemophilus sms Cornet nclr 
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Isle of Man had lesions of this condition 
In addition, this same worker noted that 
as early as 1847 Youatt had evidently ob 
served this condition in England 

In the United States, infectious atrophic 
rhinitis occurs in all of tlie major suine 
producing areas It is estimated that from 
5 to 10 per cent of the slaughtered swine 
m tliese areas have turbinate atrophy 
Bennett (1951) reported that of the pigs 
over 3 weeks of age submitted to tlie Iowa 
Veterinary Medical Diagnostic Laboratory 
during a 6 week period, 59 had gross lesions 
of infectious atrophic rhinitis while 83 
showed no nasal alteration This was an 
incidence of 41 5 per cent 

Not all herds in a given area will have 
this condition, although it is probable that 
the majority of the herds will have a low 
incidence of lesions On the other hand 
there vmU be some herds m which a high 
percentage of the individuals exhibit 
symptoms and lesions of diis condition It 
IS these so called problem herds that have 
alarmed the swine industry 

ETIOLOGY 

The etiology of turbinate atrophy of 
swine has not been completely elucidated 
Hov\e\er, there recently has been an en 
couraging increase in our knowledge of 
tins phase of infectious atrophic rhinitis 
It has been demonstrated repeatedly by 
several different groups of workers study 
mg this condition tliat certain isolates of 
Pasteurella multocida will produce typical 
turbinate atrophy It is not possible to rc 
cover this organism from all cases There 
are indications that m certain herds in 
certain localities P multocida constitutes 
the primary euological agent produnng 
of this IS tliat m other herds in other areas 
P multocida docs not appear to play aiiy 
role in the production of turbinate atrophy 
The possible role in this condition of oilier 
domestic or wild animals as rescnoirs o 
P multocida has not been adequate y 
studied although it has been rather con 
cUistvely shown that laboratory rabbits can 
function as reservoirs It has been csw 


lished that P multocida isolated from 
pneumonic swine lungs may also produce 
turbinate atrophy 

It has been demonstrated that m some 
herds a transmissible turbinate atrophy 
occurs that is not associated with P mullo 
ctda but IS due to a large filter passing 
agent or agents that also occur in some 
pneumonic swine lungs It has not yet been 
established whetlier this agent or agents 
play any role in the production of pneu 
monia No information as to its field dis 
tribution or host range is available 

Still another bacterium has been found 
capable of producing turbinate atrophy 
This IS an Alcaligenes sp tliat is verv 
closely related to if not identical wiili A 
fecalts Again it is not known how widely 
distributed this organism is m die swine 
population In certain cases this organism 
has been recovered from pneumonia oc 
curring in association uitli turbinate 
atrophy Pure cultures of ilic organism 
have produced pneumonia in experimental 
pigs There appears to be a problem in 
maintaining the virulence of this organism 
in artificial medium so that it will produce 
turbinate atrophy and pneumonia This 
organism may be relauvely long lived Rub 
berstoppered broth cultures have been 
found to be viable after storage for one 


year at 37®C 

The fact that atrophy of the nasal lurbi 
nates may not represent a specific disease 
IS emphasized in that prolonged iiuranasal 
adiiiimsiration of dicinical irruints to 
young pigs will produce rhinitis with some 
turbinate atrophy It is quite likely Uut 
additional agents will be elucidated as the 
study of tins disease syndrome progresses 

It must be kept in mind tliat, in addi 
noil to diesc primary a^enu, second irv 
bacteria and protozoa may incicasc the 
seventy of turbinate atrophy Studies have 
not progressed sulficitntly so that the cf 
fccts of specific wcondarv invaders follow 
in-^ known pnmiry etiological Je,tiits have 
been cviluaicd However, it would jpi>car 
that Mycoplasma hyorhims, unnaiiicd 
pleuropneumonia like orgaiusnu. 

mona, !1> . Hfmophilul Ml. 
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ihe stroma of die submucosa The cells of 
the nasal epiUielium appeared elongated 
or cuboidal and did not become stratified 
or squamous eien in adsanced cases Later 
diere was an increase m the number of 
tubuloaheolar glands accompanied by a 
mild proliferation of die fibrous tissue ele 
ments of the stroma Proliferation of the 
osteoblasts i\as common Hoiveser, the dis 
appearance of the bony plates and tra 
bcculae of the turbinates was considered 
to be the most outstanding characteristic 
of this condition 

I he obscnations of Schofield and Jones 
(19 j 0) indicated the earliest gross changes 
of this condition i\erc numerous small foci 
of congestion of the mucous membrane of 
the turbinate bones In severe cases die 
inorganic salts i\cre almost completely re 
moved from the turbinate bone in 2 to 4 
weeks In many early cases the external 
surface of the nasal turbinate was prac 
iicallv free of any infiammaiory exudate, 
but m more advanced cases a mucopuru 
lent discharge was present The initial 
microscopic lesion consisted of scattered 
foci of degenerated and desquamated 
epithelial cells with cellular infiltration of 
the submucosa The infiltrating cells were 
mainly large lyniphocyics that were not 
observed to cxiciul beyond die outer layer 
of the periosteum even though the sub- 
mucosa v>as densely packed with the cells 
1 hty suggesud that the portal of entry for 
(he infection v>as die ducts of the tubulo- 
alveolar glands is evidenced by the ac 
lunuilition of neutrophils at Uns site 
n image to the turbinate epithelium later 
became more extensive resulting rn large 
denuded areas 

In more advanced cases an increase in 
the number of tubulo ilvtolar glands was 
observed Iliese were often distended v»iih 
mucus to the extent lint cysts were funned 
hvtii in the final stiges the tutbiintc 
tpidiclul tells lemaiiieal cuboidal or 
tlongaieal ami did not become siratificil 
Miuammis epithelial tells as in primary 
atrophic rlumiiv of man One of the 
carhot clun,,e-s observexl w is pioliferaiion 
of the oUeobhus In ihc utas of pro- 


liferating osteoblasts there was frequently 
rarefication of the bone In advanced cases 
the osteoblasts were present in enormous 
numbers and filled die space left by the 
disappearing bone This was regarded as 
an attempt to rebuild die bone The fibrous 
tissue elements of die stroma proliferated 
slowly, causing an increase in density and 
eventually surrounded both die arterioles 
and veins widi a zone of dense fibrous 
tissue 

Switzer (1956) reported diat turbinate 
atrophy produced in experimental pigs by 
bacteria free filtrates and antibiotic treated 
crude inoculum usually had a mmmium 
of surface exudate In experimental cases 
produced by Akahgenes sp , P muUocidu 
or prolonged chemical irritmon dicrc was 

usually considerable mucopurulent exudne 

on die surface Tlic cliemical and bactcmi 
materials appeared to produce irritation o 
die surface of the turbinate wiili rcsuUan 
inllammaiory reaction but had little visi « 
effect on the osteoblasts It appeared ina 
the reduced size of the turbinate rcsuJicn 
from Its failure to grov/ at a normal ra 
The filter passing agent or ®S®*'** ^ 
peared to produce hide alteration of t«c 
cpidiehum but produced considerable » 
filtration of the submucosa with lympn^ 
cytes and lymphoblasts In . 

turbinate atrophy produced by the « 
passing agent or agents, the ostcocyics a* 
osteoblasts appeared to dcdilfercnii itc i 
tissue resembling fibrous comitcu'c , 
111 some cases this band of tissue 
whole ircas of the turbinate bone 


DISTRIBUTION 

I he first rccortlcd occurrence of 
tious atropine rhinitis was in 
but it ajipears to occur in ahnoM a** I 
of the vvorhl v%hcre there is an 
swiiic imluiirv Ihe one exception 
to be hnglaiul I he condition was msi 
ported from Lnglaiid m mal m 
spring of nniKirtcd swine K«gnl 'h* i, 
tine meisuics were believed to has^e c 
ciicil the condition However j 

(IUjO) observed that alwiit 10 ‘ ,t c 

ilic sliii^hietitl swine he cxaiinnc‘ ‘ 
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Isle of Man had lesions of tins condition 
In addition, this same norker noted tint 
as early as 1817 \ouait had e\jdcntl> ob 
ser\ed this condition in England 
In the LTnited States infectious atrophic 
rhinitis occurs m all of the major suinc 
producing areas It is estimated liiat from 
5 to 10 per cent of tlie slaughtered suinc 
m these areas ha\e turbinate atroplu 
Uennett (1951) reported that of the pi^s 
oser 3 weeks of age submitted to the Iowa 
Vetennar) Medical Diagnostic Laboratory 
during a 6 week period 59 had gross lesions 
of infectious atrophic rhinitis while 83 
showed no nasal alteration This was an 
incidence of 11 5 per cent 
h*ot all herds in a gisen area will liase 
this condition, although it is probable that 
the majority of the lierds will have a low 
incidence of lesions On the other hand 
there will be some lierds in whicli a high 
ptreentage of the mdi\iduaU cslubit 
sjmptoms and lesions of this condition Jc 
IS these so called problem herds that hase 
alarmed the sumo mdustr) 

niOlOGY 

Ihc ctiolog) of turbinate atrophy of 
swine has not been completely cluctdaicil 
However, there recently Ins been an cn 
touraging increase in our knowledge of 
this phivc of infectious alrojihic thimtis 
It has been dcmonsiraicd rcjicateilly by 
several ddftrciu groups of workers study 
ing this condition that certain isolates of 
Piilcurellfi mtiliocuii will produce typical 
tuibinitc airopliy It is not i>osvd>Ic lo ic 
cover lilts or^anisni from all cans. Ihctc 
lie iiuhcaiioiu tliu in certain herd* in 
icrtain localities /' inultoada coiivimiit* 
the primal) etiological af,cni p/odosin^ 
of this IS dial in other hervis m odier area* 
f* ntuIlonJ] dx'S not aj)jK’ar to play ajiv 
lolc in die piinliuiion of uiihiuaic airophv 
n»c jKswiblc tulc in tins combiion of odirr 
do iicslit or vnlil aminaU as icsd'oir* *f 
f riuhuciia has liU been a 'c»pia civ 

sliubcil ahboUi,h U has l<en laiwr 

v'ln.vcl) sb iwi, that UIk mI uv tab’ .u tan 
hnuiun as locivon h ? -•* Nrn o ab 


lisilcd that P multocida isolated from 
pneumonic swme lungs mav also proihicc 
lurbiinie atrophy 

It has been denionsiraicd that in some 
herds a iransinissiblc turbinate airopliv 
occurs dial is not associated wuli P 
etdn but IS due to a laigc iKtcr pissing 
agent or agents that also occur m some 
pneumonic swine lungs It fi is not yet fiei n 
established wlicihcr this igcnt or i,,enis 
pfav any role in tiie production of pncii 
inonia No information as lo its fuld dis 
tribiition or host ringc is ivadibli 

Still another bicieriiim his been fuuiul 
capable of producing iiirbunu airoj liv 
This Is an I/ca/igcoci sp di u i' 'er\ 
ciuscls iclatcd to if not idcruin) vvtdi / 
fccalis \gatn it is not known liow widclv 
distributed this orgirinm is m the swim 
population In certiin cisis tins orginivin 
lias been recovered Irom \nuunjiui or 
ctitnng 111 assorniion with lurlinatr 
atrophy Vurc rnJiurfs of ilu oreimun 
have produeed pneumom i in t \j cnmrm il 
pigs Jbcrc ippcars to lie a j lol Ictii in 
nnimaimng the virulence of tins ouiiitvm 
in ariinciaJ medium s) tJiat it will 1 1 liar 
turbinate airo])hy uui pncuiiionu I bn 
orgaiinni in IV bcrelitively longlivni Rub 
bcrstoppcicd brudi cultures line l•cvtl 
fouml to lx. viable after stori e fc r one 
vt ir It 37^ C 

live fact that atiophv sif the tueal luilu 
lilies may mil rcpiCM.nt a vj>ccifii ifi'catr 
IS ciiipli ivi/ed III that prolon^^rd intraiuvji 
jdiiitnntiatioii of rhcmird irrUanCt ( > 
vouiig ptF,s vtill proslure iluniits with wi :c 
uithinare airopJn it ii ipiiic heels daii 
addilimul ar>^nts v«dl t>e chui !a cd as die 
sliuly of diis diseavc svndio le ir^ic ux 
It must l>c Lrpt 111 imud that, m a ' Ii 
lioil to d c*c ] iiiiiaiv j.,rnts. ^uidaiv 
Itaelrria and | ;oi j; la niav iidrawr 
seventv of lurl iu c ai;o, hv v ‘ cs fd»r 
list j t* ..itvvctf suducivli »-» i' at d rf 
Icsts of vi<v I e wt Ji 'arv i ‘ x 

i ^ li *wii j n II V Cl ^ c*l } »’*• 
l«vCM evai lalfvi 11 >-cvrf i' *< I a^ 
rha: if .« /> - -.a ; y ^ ^ - * i 

I < II ^ tu - s a’lir I * if 

r- .a ifry ; i » > < 
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the stroma of the submucosa The cells of 
the nasal epiilielium appeared elongated 
or cuboidal and did not become stratified 
or squamous even in advanced cases Later 
there was an increase in the number of 
tubuloalveohr glands accompanied by a 
mild proliferation of the fibrous tissue ele 
ments of the stroma Proliferation of the 
osteoblasts was common However, the dis 
appearance of the bony plates and tra 
beculae of the turbinates was considered 
to be die most outstanding characteristic 
of this condition 

The observations of Schofield and Jones 
(1950) indicated the earliest gross changes 
of this condition were numerous small foci 
of congestion of the mucous membrane of 
the turbinate bones In severe cases the 
inorganic salts were almost completely re 
moved from the turbinate bone in 2 to 4 
weeks In many early cases the external 
surface of the nasal turbinate was prac 
tically free of any inflammatory exudate, 
but in more advanced cases a mucopuru 
lent discliarge was present The initial 
microscopic lesion consisted of scattered 
foci of degenerated and desquamated 
epithelial cells with cellular infiltration of 
the submucosa The infiltrating cells were 
mainly large lymphocytes that were not 
observed to extend beyond the outer layer 
of the periosteum even though the sub 
mucosa was densely packed with the cells 
I hey suggested that the portal of entry for 
the infection was die ducts of the tubulo 
alveolar glands as evidenced by the ac 
cumulation of neutrophils at dus site 
Damage to the turbinate epidiehum later 
became more extensive, resulting m large 
denuded areas 

In more advanced cases an increase in 
die number of tubuloalveolar glands was 
observed These were often distended with 
mucus to the extent that c)sis were formed 
Cven 111 the final stages the turbinate 
cpiihclnl cells remained cuboidal or 
elongated uul did not become stratified 
scjuainouv epiihclnl cells as in primary 
atropine rlumtis of man One of the 
carhe'St cliingcs observed was proliferation 
of the osteoblasts In the areas of pro- 


liferating osteoblasts there was frequently 
rarefication of the bone In advanced cases 
die osteoblasts were present m enormous 
numbers and filled the space left by the 
disappearing bone This was regarded as 
an attempt to rebuild the bone The fibrous 
tissue elements of die stroma proliferated 
slowly, causing an increase in density, and 
eventually surrounded both die arterioles 
and veins with a zone of dense fibrous 
tissue 

Switzer (1956) reported that turbinate 
atrophy produced in experimental pigs by 
bacteria free filtrates and antibiotic treated 
crude inoculum usually had a minimum 
of surface exudate In experimental cases 
produced by Alcaligenes sp , P multocida, 
or prolonged chemical irritation there was 
usually considerable mucopurulent exudate 
on the surface The chemical and bacterial 
materials appeared to produce irritation of 
the surface of the turbinate with resultant 
inflammatory reaction but had little visible 
effect on the osteoblasts It appeared that 
the reduced size of the turbinate resultc 
from us failure to grow at a normal rate 
The filter passing agent or agents ap 
peared to produce little alteration of the 
epithelium but produced considerable m 
filtration of the submucosa with lymphs 
cytes and lymphoblasts In some cases o 
turbinate atrophy produced by the filter 
passing agent or agents, the osteocytes an 
osteoblasts appeared to dedifferentiate 
tissue resembling fibrous connective 
In some cases this band of tissue replace 
whole areas of the turbinate bone 

DISTRIBUTION 

The first recorded occurrence of 
tious atrophic rhinitis was in German) 
but it appears to occur in almost all 
of the world where there is an cxicnsne 
swine industry The one exception seem 
to be England 1 lie condition was first re 
ported from England in 1951 ni the 
spring of imported swine Rigid 
tine mcasuies were believed to have 
caicd the condition However, Kerrun 
(1956) observed that about 10 
the shughtered swine lie exnnuncd on 
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Others ha\e suggested that the atrophic 
turbinates allow bacteria to gam access to 
the lungs where they intensify pre existing 
pneumonic lesions (3) Still other workers 
feel that some agents that produce turbi 
nate atrophy also produce pneumonia The 
etiology of turbinate atrophy is not ade 
quately defined to allow firm conclusions 
to be reached on this matter, aldiough the 
evidence suggests tliat all three of these 
explanations may be correct under certain 
conditions 

Herds of swine with a high incidence of 
turbinate atiophy and pneumonia are fre 
quently unthrifty Herds with a moderate 
to low incidence of turbinate atrophy and 
pneumonia usually make satisfactory gams 
Most workers dealing with turbinate atro 
phy believe that it has a mild retarding 
effect on the rate of gam of an affected 
animal but diat it certainly is not the 
devastating condition it was reported to 
be soon after its recognition in this country 
Shuman and Earl (1956) have suggested 
that diere is about a 5 per cent retardation 
of growth rate due to turbinate atrophy 
It IS very apparent that several authors 
have tended to attribute all unthnftiness 
in a herd of pigs to turbinate atrophy 
when in reality die summation of several 
disease conditions was responsible for the 
unthrifty state of the pigs 

PATHOLOGICAL CHANGES 

The gross lesions observed in swine af 
fecied with turbinate atrophy are confined 
to the nasal cavity and adjacent structures 
Vs IS implied by the name, die most 
characteristic lesion is atrophj of die nasal 
turbinates The inferior scroll of the ventral 
turbinate is by far the most common site 
of auopliy being involved m die majority 
of die coses However, occasional specimens 
arc encountered m which die atrophy is 
confined to the edimoid or even die dorsa 
lurbmaie If the diameter of die nasal 
cavity IS adequately decreased or if there 
IS sufficient lateral distortion of the nasa 
cavil), the nasal septum will diow some 
degree of buckling and ma) even la'C i 


dorsal or ventral attachments distorted 
laterally 

A considerable amount of mucopurulent 
to caseous exudate is usually present on 
the mucous membrane of the nasal cavity 
The amount and character of the exudate 
depends to a considerable extent upon the 
age of the lesion and upon the secondary 
invaders diat have become established In 
die more acute cases flecks of desquamated 
epithelium are present in die exudate The 
mucous membrane of die nasal cavity is 
usually somewhat blanclied m appearance 
and gives the impression of being slightly 
edematous The mucous membrane of the 
sinuses especially of die frontal sinuses 
ma> be moderately hyperemic. In a few 
cases a considerable amount of mucopuru 
lent exudate is present in die frontal 


sinuses 

Although the nasal turbinates may be so 
atrophic diat all that remains of them arc 
small folds of mucous membrane attached 
to the lateral walls of the nasal cavit) by 
far the most common finding is for the 
infenor scroll of the ventral turbinate to 
be from 20 to 50 per cent missing \n al 
teration of the ventral turbinate that is 
observed very infrcqucntl), but whidi is 
easily confused with turbinate atrophy, is 
a deep fold diat is especially pronounced 
posteriorly When dus occurs, die lateral 
atnehment of die turbinate usually slants 
downward and the superior scroll is in 
creased in size This alteration appears lo 
be a congenital defect 

while the gross lesions obscricd in licm 
cases of turbinate alropby produced b) 
different agents arequitc sinnlar, die micro- 
scopic lesions are sonieisint different Ibe 
cbaiiecs obsersed in turbinate atropb) tliat 
result front a clironic baclcrnl rbinilis 
usually consist of sanable degrees of dc 
squaniation of the cpldicbuin associated 
«itb cellular mriltralion of the subinucosa 
and hsperplasia of die tubulojlscolar 
.lands Ibe cpidicliunl calliliitt aicas of 
erosion and partial dcsi|uainalion and inaj 

rcncnnnni small ousjbe^ 

goblet cells IS incrcavcii 
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rium pyogenes, and Brucella bronchtsep 
tica should be imesugated for possible 
influence on die seventy of the lesions 
present 

CLINICAL SIGNS 

The first signs noted in baby pigs af 
fected with this condition are sneezing and 
sniffling These initial signs may be ob 
served when the pigs are as >oung as one 
week The signs usually increase in seventy 
but It must be cautioned that rhinitis m 
) 0 ung pigs does not always indicate that 
turbinate atrophy will develop Some herds 
are observed in which acute sneezing and 
sniffling in die baby pigs subsides in a few 
weeks with no turbinate atrophy occur 
ring The etiology of such cases of rhinitis 
has not been studied adequately Nonethe 
less, m the majority of herds in whidi the 
)oung pigs develop severe sneezing and 
sniffling turbinate atrophy subsequently 
develops 

The sneezing, sniffling, and snorting ob- 
served in this condition results from the 
hosts attempt to remove exudate from the 
nasal cavity Brisk exercise following a 
period of rest frequently produces an 
exacerbation of these symptoms There 
may be spillage of tears over the inner 
cantlius of the e)e vmUi a resultant pro 
duciion of a moist crescent shaped area 
below the c}e This moist area traps dirt 
and becomes black It is quite possible 
Uiat the nasal opening of the lacrimal 
ducts IS partially occluded with exudate m 
some cases but in other cases a mild con 
junctivitis exists Thus, spillage of tears 
over die inner canthus of the e)e may re 
suit from cither failure of die lacrimal duct 
to carry away die secretions or increased 
lacrimal secretions stimulated by the con 
junctivitis 

A small quantity of clear lo-purulent 
mucous exudate is often discliarged from 
the external mrcs following sneezing ^Vs 
damage to the turbinate advances there 
mi) be flecks of blood in the exudate, and 
in some severe cases die trauma of sneezing 
vmU rupture some of die more exposed 


blood vessels and mild to profuse nasal 
hemorrhage occurs 

The bones that form the nasal cavity 
and sinuses may be involved to some ex 
tent in this condition This is evidenced by 
their failure to grow at a normal rate 
When die damage is approximately equal 
on both sides of the nasal cavity, the length 
and diameter of the nasal cavity are re 
duced This is observed in the living ant 
mal as shortening of the nose The skin 
and subcutaneous tissue continue to de 
velop at a normal rate and form wrinkles 
just posterior to the snout When the al 
teration is more severe on one side, the 
nasal cavity may be twisted toward the 
more severely affected side This lateral 
distortion may even progress so that the 
nasal cavity is twisted at a 45® angle 
Some people have placed considerable im 
poriance upon lateral distortion of the 
nasal cavity as a means of diagnosing turbi 
nate atrophy This is unfortunate because 
the great majority of pigs widi turbinate 
atrophy have no lateral distortion of the 
nose Admittedly m a few herds a con 
siderable portion of the pigs do have 
twisted noses It is not yet possible to ex 
plain why a considerable number of the 
pigs m some herds evidence nasal distortion 
while in most herds they do not 

When the frontal sinuses fail to develop 
at a normal rate due to tlie turbinate 
atrophy syndrome, there is reduced width 
between tJie eyes and an altered head pro 
file The head profile tends toward tliat oi 
a young pig instead of undergoing die a 
teration typical of maturity 

In some herds affected with turbinate 
atrophy, sporadic cases of encephalitis oc 
cur This results from extension of bac 
tcnal infections through the daniagc‘ 
cribriform plate into the brain 

It is very common to observe pneumonia 
concurrently present m a herd of swine 
affected with turbinate atrophy Three 
general explanations have been olTerc 
(I) Some believe that the damaged 
turbinates allow foreign material access 
the lung with resultant pneumonia (-1 




FIG 39 5-Dorsal view of the head of a 
month old pig with lateral distortion of the 
nose 



FIG 39 7— A view of the head of on 8 month 
old boor with severe furbinote atrophy The 
normol contour of the head ho$ not developed 
The nose is somewhot shortened with wrinkling 
of the skin bock of the snout 



FIG 39 6-Cross section of the 
the pig head shown above in Figure 39 ,.„li 

ts olmost complete atrophy of one ventral . 
note, a reduction in the diameter of th 
cavity and distortion of the nasol septum 







FIG 39 2-Cross sect on of some p g heod shown FIG 39 4-Cross section of some p g heed 

obove m F gure 39 1 The nosol cov ly oppears obove n F gure 39 3 Note the m Id atrophy o' 

normal nferlor scroll of the ventral torb note 
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"body rhinitis occurs m England This con 
dition IS believed to result m turbinate 
atrophy under certain conditions Struc 
tures of epiUielial origin are primarily m 
volved in this condition The cells of the 
tubuloalveolar glands in certain areas de 
velop a swollen nucleus containing con 
spicuous intranuclear inclusions Necrosis 
of the glands and ducts occurs and may 
develop into purulent foci Massive infil 
tration of the submucosa witli lymphocytes 
occurs The surface epitliehum is said 
sometimes to undergo metaplasia to a 
stratified squamous type The fact that 
there have been no reports of the occur 
rence of this inclusion body rhinitis in the 
United States has little significance since 
the matter has not yet been adequately in 
vestigated 

No alteration of any of the osseous tis 
sues other than of die nasal region, has 



been reported to occur in infectious 
atrophic rhinitis 

DIAGNOSIS 


At the present time it is not possible to 
diagnose turbinate atrophy in the living 
animal with sufficient accuracy to facilitate 
eradication of the condition However, tlie 
use of Xray and rhinoscopic examination 
has proved to be of interest and their value 
has been investigated by Earl and Shuman 
(1953) Shuman and Earl (1953) , Braend 
and Flatla (1954), and Shuman and Earl 
(1955) It IS axiomatic that any diagnostic 
procedure based upon observation of gross 
lesions cannot be utilized to detect lesion 


less earner animals 

If typical symptoms are present and lat 
eral distortion of the osseous tissue of the 
nasal cavity is present it is reasonably 
certain tliat turbinate atrophy will be ob 
served upon necropsy examination of tlic 
animal However, even tlie most expert 
enced observers cannot positively ascertain 
tliat a specific live pig is completely free of 
turbinate atrophy 

Most cases of turbinate atrophy are de 
tected by examination of a cross section of 
the nasal cavity made at tlie level of the 
first premolar tooth This is tlie usual site 
of the maximum development of Uie scrolls 


of die nasal turbinates A power meat saw 
produces Jess distortion of die nasal turbi 
nates than does a hand saw. although die 
latter can be used satisfactorily At tins 
level die superior scroll of die ventral 
turbinate usually exhibits two complete 
turns while the inferior scroll cxJiibits one- 
and a quarter turns and in appeannee i$ 
somewliat suggesuve of a very blunt fish 
hook At diis level die scrolls of the ven 
tral turbinate appear to fill the major por 
uon of die nasal cavit) Elie vcniri 
mcalus .s sligl.dy larger than the medial 
meatus The nasal septum is normally 
straight ni appearance It must be can 
iionSl that scction.ng of the ‘'“‘J 
anterior to this level vv.ll reveal a dilfcrent 
opntent of tlte scrolls ot the lnrbma.es 
may lead to an erroneous d.agnos.. nt 
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cuboidal epithelium usually replaces the 
normal pseudostrauRed columnar ciliated 
epithelium as tlie germinal la^er attempts 
to compensate for the desquamation Strati 
ficd squamous epithelium has never been 
observed by the author to cover atrophic 
swine turbinates although it is reported to 
be common in cases of human turbinate 
atrophy Clumps of debris and bacteria 
may adhere to the damaged epithelial sur 
face 

Ihe cell t>pes infiltrating die subraucosa 
appear to be predominantly neutrophils 
and lymphocytes Some of the larger 
lymphocytes arc probably lymphoblasts No 
tendency toward perivascular cuffing is ob 
served The small nodules of lymphoid tis 
sue normally present in the submucosa un 
dergo hyperplasia There does not appear 
to be any appreaable increase in the size 
or number of blood vessels in the sub 
mucosa aldiough there does appear to be 
a slight Uiickcning of die walls of the ex 
isting vessels U has been suggested that 
this u due to the contraction of the vessels 
as the total area of the vascular network 
IS deacased, due to reduction of die size of 
the turbinate 

The lubuloalveolar glands undergo 
hyperplasia The ducts of ilie glands may 
contain debris Osteoclasts arc not present 
m significant numbers regardless of the 
cause of the turbinate atrophy Exami 
nation of tissue sections from some bacic 
rial turbinate atrophy cases discloses little 
alteration in cidicr the appearance or 
number of osteoblasts In other cases there 
appear to be local areas of mild prolifer 
anon of die ostcoblasu Examination of 
tissues from some of these cases of baciernl 
ilmuiis creates the impression tint a failure 
of nonnal growth of {lortions of the nasal 
turbinate due to the chronic rhinitis is m 
inqiortant consideration m accounting for 
the ictluccd size of the turbinate 
A soincvtlnt diifcrcnt type of lesion has 
l>ccn observed in cx{x:rimcntal cases of 
turbinate atrophy produced by a larRC 
filter passing a^cnl (s) . There is only nuld 
involvement of the epithelium Ihc pri 


niary cell type present in the submucosal 
infiltration that occurs is the lymphocyte 
The tubuloalveolar glands undergo mild 
hyperplasia In some of the cases examined 
there has been very extensive proliferation 
of the osteoblasts This appears to be a 
dedifferentiation of the osteocyte and osteo 
blast into a more primitive type of tissue 
resembling fibrous connective tissue This 
type of tissue reaction is reviewed by Whl 
ton (1937) 

It has been reported that an inclusion 



FIG 39 9-A teetion of the Inferior »croII of ih« 
ventral lurbinole of on exper»monlal pifl ^ 
toio of turbmoto atrophy wai produced oy 
largo filler patting agent or ogentt The 
blotii and otieocyiet ore dedifferenlloiing 
tlttue rotembiing fibrout connective tittue 
eptihelium hot been torn from a portly ® 
tiitwe In preporotlon of the lection Giem 
tioln X too 
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This appears to work satisfactorily How- 
e\er, experimental evidence is not >et 
available to establish die length of time 
necessary to eliminate the etiological agents 
from contaminated lots and equipment 
The work that has been done suggests that 
a shorter period may be satisfactorj 

At die present time it appeals that 
swine-to-swine transmission is the priman. 
mode of spread of this condition, hoiv 
ever, it must not be overlooked that under 
certain conditions odier species may be 
carriers of an agent (especially Pasteiirel- 
la multocida) that may cause turbinate 
atrophy in swine. 

CONTROL 

No satisfactory contiol oi eradication 
measures are yet available that can be 
applied on an industry-wide basis. Any one 
of several procedures can be applied to 
an individual herd if the value of the 
animals warrants it. In any of these meas- 
ures It is necessary that concurrent diseases 
and management abuses be eliminated. 
The simplest but least effective control 
measure is continual culling of visibly 
affected animals. This appears to reduce 
the degree of exposure in some herds to 
the point diat few outward manifestations 
of turbinate atrophy are observed. 

A second control plan is very similar to 
one suggested in England for the control 
of virus pneumonia of pigs Under this 
plan, bred females are housed m isolated 
lots and are never allowed contact with any 
other swine except their offspring until 
they are culled. The individual litters re- 
main separate until a montli after removal 


of the sow at weaning time Breeding 
stock is selected from tliose litters that have 
evidenced no s)mptoms. A new herd is 
built up from this nucleus and is not al- 
lowed contact wiili any other swine Not 
all of the litters will be completely free of 
symptoms, but in those litters where trans 
mission from the sow does occur the 
s^Tuptoms and lesions will be markedly re 
duced 

A third control plan, used by Switzer 
(1954b, c), is to allow the sow to nurse 
the baby pigs and then remov e them, w hen 
only a few hours of age, to an isolation 
area where they are reared by hand This 
has been modified by Johnson et al (1955) 
by removing the pigs at birth and tlien re 
turning the pigs to the sow at intervals to 
be nursed The pigs are not allowed con 
lact with the anterior portion of tlie sow 
As soon as the pigs have a fill of colostrum 
they are removed and reared by hand A 
method tliat completely bypasses tins syn 
drome, as well as oilier respiratory disease 
IS to procure the offspring by h)Sterotomy 
and raise them m as nearly sterile an en 
vironment as possible This procedure is 
discussed in Chapter 53 It has been sliovui 
Uiat catching Uie pigs at birtli on a stenie 
cloth, with subsequent removal to an iso- 
lated area, will also break the c)cle of 
transmission. Shuman el al. (1956b) used 
this s)stem to establish a herd free from m 
feciious atrophic rhinitis. Hovvever, it must 
be cautioned tliat under farm conditions, 
ilie Jiand rearing of baby pigs that have 
received no colostrum is beset witli inan> 
enteric disease complications and should 
be tried out on a small scale befoic being 
undertaken on a large scale. 
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tuibinate atrophy The person conducting 
the eMmmation must be familiar witli the 
normal de\elopment of the nasal turbi 
nates at the le\el examined At the present 
lime no basis is available for the diagnosis 
of atrophic rhinitis except demonstration 
of turbinate atrophy 

V more time consuming technique is to 
section the head longitudinally so as to split 
the nasal septum vshich is then dissected 
The lateral attachment of the ventral turbi 
nate is severed with a pair of sharp sassors 
and die turbinate removed It can then be 
cross sectioned at various levels with sharp 
scissors for a criucal appraisal This pro 
cedure has proved very helpful when 
material free of extraneous contamination 
is to be collected 

TREATMENT 

There are two general considerations 
that always should be evaluated befote any 
treatment program is formulated for swine 
affected with turbinate atrophy The first 
of these concerns concurrent diseases The 
second concerns equipment and feeding 
and management practices It is uncom 
mon to encounter a herd of pigs tliat aie 
being reared under a good swine husbandry 
program and have only turbinate atrophy 
that ire not making reasonably satisfactory 
gains Direction of efforts toward climi 
iniion of concurrent diseases and manage 
meiii abuses usually gives better results 
ill in aiicmpis to arrest the turbinate 
atrophy process 

Relatively high levels of some of the 
broad spectrum antibiotics fed contiuu 
ously to market pigs atfccicd with turbi 
naic atrophy have frequently been reported 
by field veterinarians to improve the rate 
of gam of the pigs It lus usually been 
observed that reduction in the level of the 
antibiotic fed is followed by an cxacer 
bation of respiratory syniploins 

There arc available commercial nasal 
instillations containing sulfonamides and 
other drugs that ire advertised as having 
therapeutic effect against turbinate 
airopliy Until more is known about die 
etiology of this complex disease syndrome 


it is very difficult to evaluate the merits 
of such preparations 

EPIZOOTIOLOGY 

The primary mode of transmission of 
infectious rhinitis appears to be from pig 
to pig by means of infective aerosols Ex 
posure may occur at any time in the life 
of the animal but turbinate atrophy usu 
ally develops only in those animals that 
are exposed at a few days or weeks of age 
Animals exposed later in life may develop 
mild cases of turbinate atrophy but usually 
exhibit symptoms of rhinitis which sub 
side and which may leave the animal a 
carrier Repeated exposure of young pigs 
under conditions favoring aerosol trans 
mission usually results m a high incidence 
of severe lesions Overcrowding of young 
pigs in damp quarters and subjecting them 
to frequent dulling supply some of these 
conditions 

One of two general case histones is fre 
quenUy associated with swine herds 
have developed symptoms and lesions o 
turbinate atrophy sufficiently severe to 
alarm the owner One of these case his 
tones is Uiat die condition has existed a 
a low level for several years but has be- 
come progressively more severe This m 
crease m seventy may occur in one season 
or may span several farrowmgs Hutch 
mgs (J951) and Smiley (1953) have sug 
gested that the disease takes about 3 years 
to build up to the point that it is a licr 
problem However it appears diat tins 
build up does not always occur even tlioug i 
this observation does apply m many cases 
The second general case history is that uie 
owner had not observed this syndrome in 
Ins pigs until after the jniroduclion o 
new breeding stock 

In general turbinate atropliy docs not 
appear to be transtmtted by exposure to 
ail environment that has been free of m 
fcctcd swine for a few days although a fc'^ 
exceptions to this arc recorded in the ht 
criture It is a frequent practice to su^, 
gtst to the swine owner that l>ol!i low am 
equipment should be given a 3-nioiuhs 
rest prior to restocking with clean sninc 
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CHAPTER 40 


[Necrotic Rhinitis and 
Exudative Epidermitis 


Necrotic Rhinitis (Bull Nose) 

The term bull nose is the very widely 
recognized name for a swine disease which 
has been observed for many years More 
technically it is also known as necrolic 
rhinitis The longtime usage of the com 
mon terminology by both veterinarians and 
swine producers resulted in a tendency to 
refer to any diseased condition of the nose 
or snout of pigs as bull nose This led to 
considerable misunderstanding and confu 
Sion when atrophic rhinitis became a 
widely publicized swine disease 
Researcli work has not yet answered 
many questions regarding atrophic rhinitis 
^nd some of the misunderstanding and con 
fusion between the two diseases, bull nose 
and atrophic rhinitis, still exists Both 
diseases are observed most frequently in 
growing pigs In each, the name by which 
u IS identified merely describes the con 
dition produced by the disease Both may 
he present at the same lime in a single 
individual In atrophic rhinitis there is 
^ gradual atrophy or disappearance of a 
portion of die bony and cartilaginous tis 
^ucs whidi make up the air passageway m 
die central portion of the nose In necrotic 
rhinitis, or bull nose, the development 
of the disease produces an abscess in die 
^oft, fleshy tissue whicli surrounds uic 
harder tissue fonmng the air pissageway 
True bull nose is of interest because it 
‘s one of die few swine diseases wind* *s 


becoming less common During die past 
several years the number of pigs produced 
and raised has gradually increased but 
fewer cases of bull nose are being observed 
Veterinary practitioners usually attribute 
diis decreased incidence to improvement in 
management and production practices 


ETIOLOGY 

For many years the specific cause of 
necrolic rhinitis, or bull nose, has been 
UiougM to be the bacterial organism 
SpherophoTus necrophonis C o n 1 1 n u e U 
study of tins organism and lU effect in sev 
eral species of animals has created some 
doubts as to Its primary significance as a 
causative agent of the necrotic processes in 
ivludi It can be found It is quite common in 
nature, especially m enuronments of i 
animal populations and so is readily avail 
able to connminate any wounds, 
ar other injuries of the mouth and s out 
areas of the pig Hie cruslung of baby 
p,- canine teeth widi a pair of pher c n 
Siovidc such a wound Poor and m 
Idequaie sanitary 

LO vlouiul contaminaiion by 5 uccropn 

some instances the presence of S nc 
:,aphon^ cannot be 

cultural, or laboratory anmul inocu 


(Ml) 
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of skin conditions, or to skin manifestations 
of more generalized diseases 

Exudative epidermitis is recognized only 
in young pigs and has not been observed 
in other species It is probably quite widely 
distributed, altliough the numerous names 
ivhich have been used and the scaraty of 
accurate information can be used to dis 
count an extensive distribution It is 
somewhat irregular or cyclic m prevalence 
observations indicating that its inadence 
and distribution may increase during a 
period of a few consecutive years and then 
decrease sharply for a variable length of 
time 

ETIOLOGY 

The cause of greasy pig disease is un 
known The causative agent or factor of 
many diseased conditions can be classified 
as either infectious genetic, allergic or nu 
tritional, however, Jones (1956) m his 
study of the clinical features of tins disease 
was unable to develop any significant evi 
dence of a common factor which suggested 
that the causative agent might be found in 
some one of these classifications 

CLINICAL SIGNS 

First evidence of the disease may be ob 
served at any time during the period when 
the pigs are between 1 and 4 weeks old 
It IS most commonly seen between 12 and 
24 days of age The morbidity may be as 
low as 10 per cent, but instances occur 
"■hen 100 per cent of the pig crop may be 
affected Reports are ratlier common of 
entire litters being affected while other 
litters in very close contact remain ap 
parently healthy 

The mortality also vanes greatly, rang 
mg between 5 and 90 per cent The most 
commonly reported mortality approximates 
20 to 2o per cent The early 5>roptom5 
consist of a slight Iistlessness a dull appear 
3nce of Uie skin and hair and tlie appear 
3nce of small ihm scales on the skm sur 
«ce. Over a period of only 3 to 5 days 
mese symptoms increase in seventy and 
become mudi more prominent The list 
cssness becomes apatliy, the skin e* 


comes slightly sv\ ollen, and increased 
amounts of skin secretions can be observed 
During furtlier progress of the disease de- 
hydration and weight loss become appar 
ent skin secretions continue and accuniu 
late as skm incrustations and die pig pre 
sents a very dejected and untlinfty appear 
ance These skin excretions produce a 
greasy and sticky condition which often 
causes neighboring hairs to stick together 
As the skin excretions accumulate and 
thicken the surface hardens and often 
cracks giving the skin a thickened and 
fissured appearance The accumulation 
often favors a rapid growth of bacteria on 
the skin skin necrosis and the develop 
ment of obnoxious odois The crusts and 
scabs often become very prominent on the 
head back and around the tail head The 
bacteria most commonly recovered from 
the necrotic skin surface are Micrococcus 
and Streptococcus spp however it is quite 
possible that under some of the scabs 
Spherophorus nccrophorus may become es 
tablished 

In the majority of cases whidi tenmnaie 
fatally the enure course of die disease re 
quires only 5 to 10 days A few severely 
affected individuals may live as long as 3 
vveeks No significant body temperature in 
crease has been observed during the early 
stages of die disease and when increases 
have been noticed later diey are thought 
to be associated with secondary compli 
cauons Pruritus is not present in greasy 
pig disease 


>ATHOLOGICAL CHANGES 

Necropsy shosss a marked dcliydi-ilion 
ind emaciation Superficial lymph gltmds 
ire usually suollen and edematous The 
tomaci. and small inicslinc usually con 
run no food material and the conlenls of 
he laigc intesiine are imicli more pasly 
ind dry than normal The kidneys usua y 
-ontain a iisible amount of uhiie 
, ranee ycllou granular precipitate ill the 
ahJ^and pehis None of ihese pos 
Xogieal ‘changes can ^ eonsid«ed 

rn.emr'u;e«^arf.hose of dlc skill 



552 Section VI MISCEILANEOUS DISEASES 


ablv other bacterial organisms ^vlll be 
found m the abscesses of bull nose m addi 
non to S necrophorus Some of these 
organisms ma> be only saprophytic, but 
pathogenic organisms are also present The 
most common of these other pathogens be 
long in tlie Micrococcus, Streptococcus 
Connebactcnum, Proteus and Pseudo 
monas groups Occasionally, Alcahgenes 
ma> be found These pathogens other 
than Spherophorus 7iecrophoni5 are usually 
the most predominant and abundant 
oi'ganisms to be found in the bull nose 
abscess 

CLINICAL SIGNS AND 
PATHOLOGICAL CHANGES 

The abscess of hull nose is basically 
similar to abscesses found in many other 
locations In many cases they develop to 
considerable size and their presence is 
easily observed In comparison atrophic 
rhinitis IS limited to the disappearance of 
portions of tissues vsitlun the air passage 
wav and in the majority of cases there is 
no external evidence of such disappear 
ance 

Although die original site of the necrotic 
process IS in soft tissue, die develop- 
ment of the lesion sometimes involves the 
bone of die nose and face and considerable 
destruction of bone tissue may occur The 
cMciuuc development of this necrotic 
process in cither fleshy or bone tissues can 
result in interference vsith the ability of 


the animal to consume its food This to- 
gether with die toxic effect of die necrotic 
material results in a lowering of the gen 
eral health status and any natural or arti 
ficially stimulated resistance to other dis 
eases In such cases the growth rate be 
comes uneconomical and the pigs develop 
into rough appearing, unthrifty individ 
uals Because of the uneconomical growtli 
rate and the lowered level of resistance, 
bull nose abscesses should not be neglected 

TREATMENT 

Owners should be advised to have the 
abscesses treated as soon as they are dc 
teciable Some individual pigs may over 
come the infection through natural proc 
esses, however, if the abscess continues to 
develop and is ignored, even surgical treat 
meat may not produce satisfactory resu u 

Since bull nose is simply a bacterial 
scess, treatment either by surgery or drug 
therapy is comparable widi that of other 
abscesses and ulcers If satisfactory results 
do not follow the use of the treatment hrs 
selected, a change to another drug may 
give the desired results In a few instances 
it may be desirable to have antibiouv 
sensiuviiy tests conducted on the orgatt 
isms found m the abscess Prevention > 
mucli more efEcciive and economical than 
treatment Good sanitation phis farm 
safety practices in eliminating as many m 
jury hazards as possible vvill result in con 
tinned decreased incidence of this disease 


exudative Epidermitis (Greasy Pig Disease) 


Greasy pig disease is the expressive 
name tint is ]>opularl) used in tlic svsine 
prothicing area of the Midvsest to describe 
a skill disease of young pigs Jones (1956) 
Tci>ortcd on the clinical and pathological 
asjiccts of the condition He defines it as 
an acme generalized dermatitis involving 
the entire body surface of young swine, 
characterized by sudden onset and a short 
course marked by hypcriudrosis, excess 
sebaceous scaciion, exfoliation, exudation 
and vsithout pruritus, resulting in loss of 
skin function extreme dchvdratian rapid 
cxhamtion usually icniunaiing in death 


His observations led him to identify tt ^ 
exudative epidermitis of pigs 

Wiili only a few exceptions, skin disease 
of pigs arc very poorly understood, 
ports of the obsairc conditions have 
to the use of names siidi as pustular denua 
tills, necrotic dcrmaiitis, infectious 
tins, exfoliative dermatitis, cxudaiiv 
dermatitis, and eczema Such skm 
tions arc termed obscure because of 
scarcity of information concerning dicn 
csjscciaUy regarding their etiology, aim 
IS very unccrum v\hciJicr all the 
luted refer to one discisc, a multiphci 
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CHAPTER 41 

Paralysis and Lameness 


Paralysis and lameness are ratlier common 
m swine Locating the cause of tlxese dis 
abilities and applying effective remedial 
measures sometimes present an important 
problem Locoraotory disabilities are gen 
erally due to pathologic changes in the 
nervous system or m the skeleton Oc 
casionally lameness results from disease in 
the skeletal muscles or in the hoofs Lame 
ness IS perhaps associated more frequently 
With arthritis than with any other condi 
tion Anything tliat interferes with the 
animal $ locomouon results in economic 
loss to the owner if the disability continues 
for any length of time 

etiology 

The etiology of locomotory disability in 
swine IS extremely varied That portion 
which IS attributable to affection of the 
nervous s)siem results from infection, nu 
iruional deficiencies, mechanical injuries, 
and occasionally from toxins or poisons 
The nutritional deficiencies v\hich appear 
to be of most importance in tins connection 
Jire lack of vitamin A and paniotlienic 
It IS likely that heritable factors also 
cause some disabilities of nervous origin 
hen the disability is traceable to the skel 
eton ihe cause is nearly aluajs infection 
or nutritional dcfiaenc> Staphylococci 
and/or sirepiococci are commonly found m 
arihniic joints of young suine In oI er 
animals, Lrysipeloihux rhusiopathiae is 
often found in early stages of ariliritis 


The occasional cases m vshicli skeletal 
muscle lesions are responsible result from 
infection mechanical injury and rarely, 
from tumors , .t. 

The occurrence in baby pigs of an arm 
ntis characterized by a fibrinous inflamma 
uon of die serous membranes of the joints 
complicated with pleuritis, peritonitis and 
pericarditis has been described by workers 
both in ihe United States and abroad The 
disease was recognized in Europe as early 
as 1910 (Glasser et al , 1944), but the eti 
ology still does not appear to be definitely 
established Under tlte name “t 
disease the disease is described b> Hjarre 
3 nd Wramb> (1912), Gualaiid. 19aa) 
and Knoll (1956) as being caused b) Hoc 
moblnhis sL Bierer (1956) described a 
sinidar condition bclieicd to be associaicil 
"uli Pasle^relta mullocda but at die same 
time suggesling a possible 
ment Albert and Mendlonski (lJo6) 
mrted on a serosal condition in siunc 
Such tlie> belies cd to be of iionbactctial 
oriEiil It IS qu“' possible diat all of these 
sSfkeis .sore concerned s.illi the same dis 

bs';l::t:in;nrmf:,“i;o^:'^ 

"'^iSrd.c°S‘S^i‘SiatcalSnj'ur) 
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surface uhich ^vere described in the secuon 
on clinical signs Routine bacteriological 
c\amination of the heart, liver, spleen, and 
kidne\s usually gues completely negame 
results 
DIAGNOSIS 

Since the cause of greasy pig disease is 
unknown no diagnostic methods based on 
die causaiue agent are asailable For prac 
tical purposes the diagnosis must be based 
on 1 consideration of history and gross 
pathological clianges 

\i least one odier skin disease m pigs 
has been frequently mistaken and con 
fused with greasy pig disease When re 
search studies indicated that parakeratosis 
of sume Mas due to a mineral deficiency or 
imbalance, many owners and practitioners 
hoped that grcas) pig disease ivas perhaps 
an carU form of parakeratosis and would 
respond to the prescniise measures that 
Mere found to be effective against paraker 
aiosis Unfortunately Uiesc hopes did not 
inaicnahze Such a marked difference in 
response to treatment for parakeratosis 
exists between pigs affected widi these 
conditions that the lack of response follow 
mg such dicnp) can be used as a diagnostic 
dilfcrciumion between the tv\o diseases 
\gc of the affected pig is still another 
dilfticniial feature between these iv>o dis 
casts Creasy pig disease usually develops 
widun the first 3 weeks following farrow 
ing while parakeratosis is not detectable 
until some later age 


Due to die fact that greasy pig disease 
develops in young pigs there is a possibihi) 
that It may be confused with transmissible 
gastroenteritis The presence or absence 
of typical diarrhea and skin lesions suffices 
to distinguish between these tv\o diseases 
Differentiation from skin parasitism and 
fungous dermatitis is necessary houever, 
neither parasites nor significant fungous 
infection can be demonstrated in greasy 
pig disease 

TREATMENT 

In die absence of a known causative 
agent diere is no specific treatment avail 
able for greasy pig disease Quite a variet) 
of treatments have given apparently goo 
results in some instances, however, no con 
trolled experimental results are availabc 
to indicate the actual value Large doses 
of penicillin have given satisfactory results 
in some cases Recoveries have been cre 
ited to die use of various sulfa compounds 
^^anual methods of keeping the skin clean 
and free of excretions appear to be ol 
value Supportive nutritional treatment 
IS often used in conjunction widi ihcrj* 
peutic measures ^^any pigs apparcnil) 
live dirougli a mild course of the disease 
without treatment and gradual!) recover 
to die extent diat they become as thrift) 
appearing as pigs which have never been 
affected 

The immunological significance of tne 
fact that this condition is seen onl) 
)oung pigs IS unknown 


SEIERENCE 

JoM< L. D 19 jG F\uil3t»»c cpiaamitwof pigt \nicr jour \ci Res 17 179 
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groups o£ muscles are affected varies widely 
There may be merely tremor of the head or 
nearly all of the muscles may appear to be 
involved, resulting in a jitterbug effect Un 
less nursing is interfered with to sudi a 
degree that starvation results, the mortality 
is low Most cases recover m 2 to 4 weeks 
In a few animals tremors persist until mar 
keting age is reached 

PATHOLOGICAL CHANGES 

When paralytic symptoms result from 
pathological changes in the nervous systems 
the lesions are usually microscopic The ex 
ceptions are cases of tumors, abscesses and 
the rare instances in which gross inflamma 
tory or degenerative changes are present 
The microscopic changes in the central 
nervous system consist of cellular mostly 
lymphoid, accumulations In addition to 
the usual evidence of mflammatton, there 
may be more or less degeneration, neuro 
nophagy, and gliosis Inflammatory 
changes may occur in either die white or 
gray matter In some cases, suclt as in 
Teschen disease, changes m the spinal cord 
are predominantly in the gray matter 
Sometimes the only lesion found is demye- 
hnization of tracts of white matter m the 
spinal cord In some kinds of poisoning, 
such as by nitrophenide, the principal 
lesion IS atrophy of tlie large nene cells in 
the brain and cord 

The changes in peripheral ner\es ac 
countable for paralysis or locomotory dis 
turbances are usually either inflamimtory 
or degenerative A well defined neuritis, 
cliaractenzed by lymphoid cell infiltration, 
»s occasionally found This kind of change 
»s most likely to involve the ganglia and 
roots of the spinal nerves Edema or neuro- 
malacia of nerve trunks has been seen a few 
times in swine Chromatoljsis of the gan 
ghonic cells, loss of myelin, and aMS cy* 
mder degeneration are recorded findings in 
peripheral nerves, particularly m panto- 
thenic acid deficiency 
hone lesions responsible for lameness or 
paralysis like symptoms arc usually r 
obvious Osicomalacia is chanctcnzcU oy 
abnormally fragile bones vslncli often ra 


ture spontaneously The common sites of 
fracture are the femur and the pelvic 
girdle Fracture of vertebrae occasionally 
occurs m osteomalacia, but most of the ver 
tebrae fractures or displicements probably 
occur in spondylitis Testing the fragility 
of tlie nbs at neaopsy is a good way to 
diagnose osteomalacia 

In rickets the bones are rubbery and tlierc 
IS widening of the proliferating cartilage at 
the ends of the diaphyses There may also be 
considerable bending of the long bones In 
other bone dyscrasias particularly that re 
suiting from manganese deficiency the leg 
bones may be shorter than normal and 
tliere is not the widening of proliferating 
cartilage that occurs m rickets However 
the ends of some of the bones may appear 
enlarged and there may be considerable 
perosis 

Arthritis is mainly of two tvpcs One oc 
curs m young pigs while the other is m 
older animals Thesocalled navelill in 
young pigs IS characterized by pus in the 
loints and sometimes by multiple abscesses 
elsewhere in the body In the t)pe of 
arthritis prevailing m older swine the first 
pathologic change is synovitis At first He 
synovial membrane is congested and the 
vilh arc somewhat enlarged Fibrin clots 
arc found occasionally, but there is ordi 
nanly little or no increase of joint fluid 
Pus IS rarely found in this type of arthritis 

In later stages die joint capsule is thick 
ened by fibrosis and the synovial villi show 
marked Jiypertrophy Erosion of the articu 
lar surfaces and pannus formation are 
found frequently Exostoses form m die vi 
ciniiy of the affected joints Tlicsc. together 
with fibrosis, cause marked enlargements 
r.brou, anil bony anbjlnscs are 
mon Ilia hip, shoulder tarsil ami carpal 
lOinls arc frcqucnily allcclcil Spomljimi. 
d,aractcr.rcd by c^os.ore5 and .nore or «. 
anUlosis IS coronionly found Tins inc 
l),J of arlhnlis associated ssilb sssinc cry 
sipclas infection 

diagnosis 
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lesions Paron)dua or panariuum some 
umes occurs in the absence o£ other recog 
nizable symptoms or lesions o£ the known 
specific diseases which affect the feet The 
cause or causes of these foot lesions ha\e 
not been fully determined 

CLINICAL SIGNS 

The symptoms due to affection of the 
nersous system are chiefly paralysis and 
h) posensitivity Howe\ er, hyperesthesia 

may occur There may be general paralysis, 
paraplegia or monoplegia Monoplegia 
has been noted following the accidental in 
jcction of pseudorabies virus Hemiplegia 
would be difficult to distinguish in swine 
if It should occur Cases of varying degrees 
of paral)sis of the forelegs have been seen 
apparently due to ganglionitis and neuri 
tis in\ Giving die spinal nerves supplying 
the front limbs 

Posterior paralysis, sucli as occurs es 
pecially in )oung swine, is cliaracterized 
by flaccid paralysis of die hind parts The 
paraljtic symptoms resulting from de 
generation or inflammatory cliangcs m the 
spinal cord may be clinically indistinguish 
able from diose due to Ncrtebral or other 
bone fractures Occasionally a fracture in 
the pelvic girdle, particularly m the ihum, 
disables the hind parts of a young hog In 
large hogs die fracture of a leg bone, a 
vertebra, or the pelvic girdle may com 
pleiely disable die posterior parts of the 
animal Usually it is impossible to detect 
aepiiaiiou in the broken bones, parucu 
larly when they ire high up m the leg, m 
the pelvic girdle, or in the vertebral col 
unm 

The paralytic symptoms which result 
from spondylitis accompanied by vertebral 
fracture or dislocation, such as may occur 
in brucellosis, usually develop gradually 
In contrast, the symptoms resulting from 
bone fracture due to abnormal fragility 
come on suddenly Paralytic symptoms due 
to brain lesions may be accompamed by 
lethargy, nystagmus, torticollis, etc 

1 he lameness due to artlintis is variable 
m Its manifestations In young pigs Uicrc 
often occurs rather rapid swelling of die 
yoitus These swollen joints in young pigs 


are usually soft, but may become firm after 
many days The affected joint may be so 
sensitive that the leg is disabled, even be 
fore much swelling occurs In older 
animals the ardiritic joints usually do not 
swell noticeably for several days, but finally 
become more or less enlarged, very firm 
and stiff In some cases the first sign of 
arthritis is extreme sensitivity in the af 
fected leg The animal may carry the leg 
as if It were broken The lameness often 
shifts from leg to leg The carpal and 
tarsal joints are most conspicuously en 
larged The carpi are usually symmetri 
tally enlarged while most of the tarsal 
enlargement is medial The condition 
usually persists for weeks or months and 
the animal becomes helpless A few mdi 
viduals recover 

The peculiar condition known as goose 
stepping ’ IS characterized by extreme ex 
tensor action in the hind limbs ^Vhen U|C 
animal walks, the hind legs are raised ^ 
normally high as they are moved forward 
Some of these cases advance to the point 
where there is considerable disability of 
the hind parts In most instances the con 
dition remains stationary or shows some 
improvement More or less muscle atrophy 
nearly always occurs, particularly m 
hind parts, whenever paralysis or otlier uis 
ability conditions continue for some time 

Myoclonia congenita or congenital ircm 
ors sometimes causes considerable loco* 
motory difficulty m newborn pigs 
characterized by clonic spasms of the skeic 
tal muscles The extent to which muscles or 



FIG 41 1 ~ Posterior parolysis of o 70 P ^ 
which showed microscopic ,v, 

posterior portion of the spirsol cord byt 
dence of vertebral fracture or 
Animal hod been on olfolfo posture i 
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of vitamin A or pantothenic acid is most 
likely to occur It is in connection uith these 
deficiencies tliat prevention is of particular 
importance, since the resulting changes in 


tlie iier\ous system nn> be largely irrc- 
\ersible For a discussion of deficiencies and 
the sources of essential nutrients, see Chip 
ter 49 
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the problem is to disunguish bettseen nu 
intional deficiency and infectious disease 
V detailed histor) of hoiv the animals ha\e 
been fed and managed and the rate at 
which the) have grown always helps in de 
termining the nature of the trouble If the 
ration fed does not supply all the factors 
essential for developing and maintaining 
normal sVeletal and nervous s) steins lame 
ness or paralysis may result If the animals 
arc deprived of sunlight and are so fed and 
managed that they do not get essential trace 
elements locomotory disability may result 
Rapid growth sometimes accentuates the 
effects of deficiencies 

The skeletal defects sucli as occur m 
rickets and osteomalacia can usually be 
rccognncd by the findings mentioned 
under pailiological changes Lesions m the 
nervous s)sicm arc usually recognizable 
onlv by microscopic examination The 
specific diagnosis of the various infectious 
tiiscascs which may cause paralysis or lame 
ness requires animal inoculation or cul 
lural txaimnation suitable for die diag 
nous of each disease The principal specific 
diseases to be considered m this connection 
are rabies pscudorabics rcsclicn disease, 
listeriosis, hog cholera, and swine crjsipc 
hs Nonspecific infections of the nervous 
sjsicm sometimes cause paraljsis Flic 
comparative!) rare cases of paral) 5 is due 
to chemical i>oisons can usually be dcicrm 
incd b) finding out what the animals 
have eaten or with wlnt ihc) have been 
treated ami h) toxicological examination 
TREATMENT 

licaimcnts for die infectious diseases 
which cause paral)sis arc given under die 
discussions of these diseases \rthrttis due 
to crvsipclas ippcais to be dilficuU to pre 
vent or curt Vaccmalion which ma> reduce 
death losses from acute sssinc ciysipclas is 
not verv cilecitvc in preventing ardiritis 
licitmciit should be applied car!) fur best 
rcsultv \utihioucs, particular!) {scntrdhn 
have some curative value vshcii used carl) 
\(ier the disease has been picscnt for some 


ume, treatment is not very effective No 
treatment or prevention is known for Glas 
sers disease 

Of diose nutritional deficiencies which 
are responsible for locomotory s)inp- 
toms, the lack, of calcium and phosphorus 
IS perhaps die most common The feeding 
of adequate amounts of these elements is 
important particularly to growing swine 
and pregnant sows The calcium phos 
pliorus ratio is considered to be of sonic 
importance However, making certain that 
enough calcium and phosphorus are fed 
IS probably more important than the 
ratio between them The recommended 
ratio beween calcium and phosphorus 
IS I 5 to 1 0 If the ration contains about 10 
per cent of tankage or fish meal usually no 
additional calcium and phosphorus arc 
needed 

Whenever evidence of osteomalacia ap- 
pears, treatment should be begun proinpd) 
so as to minimize skeletal damage The ad 
dition of bone meal to the ration at the me 
of 1 to 2 per cent is an cfTcclive way to cor 
rcct calcium and phosphorus dcficicnc) 
Odicr sources of both calcium and phos 
phorus arc defluorinaicd rock phosphate 
and dicalcmtn phosphate Calcium carbon 
ate IS a cheap source of calcium but it docs 
not contain any phosphorus If s)mptonis 
of bone d)scrasia occur in animals kept in 
doors vitamin D should be supplied Fu ‘ 
oil IS usually ilic most practical source ot 
tins Vitamin 

Of the trace mineral dcficicncu-s which 
affect skeletal development, the lack o 
manganese is perhaps most likely to occur 
It IS doubtful if this deficicuc) i$ of mucii 
hcncral importance under farm coiuliuon* 
but It has been produced cvpcruncntall) 
The addition of lb of muif,uncsc 

sulphate per ton of feed should stippl) ih^ 
dcficiciic) It nnv be well to suppl) 
line loo, 111 view of the pirt it has been 
found to pi i) in prcvcutiiig pcrosii «u 
{lutiltrv 

Of the other nuiniional dcficiciicic* 
vvhich mav cause paral>tic vympioms a lac 
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Heat Stroke (Sunstroke, Thermic 
Heat, Heat Exhaustion) 

Heat stroke is a disorder of die heit rcg 
ulaior) meclianism which is a result of cn 
'ironmenial hyperthermia 

Dorland (1912) defines heal stroke as *i 
condition caused by exposure to excessi'c 
heat, natural or artificial ' He divides heal 
stroke into three forms "(1) Tliermic fc 
'cr or sunstroke, (2) Heat exhaustion, and 

(3) Heat cramps ’ Since die last form, heal 
crimps, IS rarely if c\cr seen in suinc, it 
"ill not be discussed m diis ciiaptcr 

Tlicnmc fc\cr, or sunstroke, is an acute 
condition diaractcrized by sudden onset 
^'*Rh temperature, and high mortalii) 

Heat exhaustion is a mild form of heat 
stroke and is characterized b) a gradual on 
^t, depression, normal temperature, and a 
lo" mornlit) 

To understand the causes of heat stroke. 
|t is necessary to knou, in a general uas, 
hoiv heat is produced and dissipated in the 
=‘»mnlsbody (Wiggcrs, 1919) bod) tem 
l^cratiirc is increased b) muscular acti'H)* 
•ucialiohsm of foods, disease, dru^s and ad 
jetse cnsironmcntal conditions Heat i* 
‘O't from the bod) b) \»armiiig in?cstcsl 
f‘''od and inspired air, conduction conscc 
'•on. radiation, and staler saporiration from 
die bod) surface and lungs. It is obsious 
">at an\ acceicnnon of the factors that »n 


crease body licit production and in) inter 
fcrencc uiili the dissipition of bod> heat 
ma) result in h)pcrihcrmn 
Our IS pcs ami breeds of svsinc along uith 
our s)stcn> of rearing and mirkcting arc 
predisposing causes of heat stroke 
The lartl i)pe hog that has l>ccn popular 
in the United States and is still present in 
large numbers is ill idiptcd to uuhsiand 
high temperatures His lung cajiicit) is 
sinall on i per pound basis, uhen compared 
to some of our other domestic animals 
In addition, he has n thick laser of fat 
uhicli iincrfcrcs uith heat loss from the 
bods surficc He » often fattened under 
confinement and Ins respirators and or 
ciilaton s)stcms are not condnioncd to 
luihstand stresses such as he mas meet l>c 
fore he IS slaughtered 

\nothcr imisoriant factor is that the 
bnchsccphahc breeds base short novel ami 
dished faces sdiich tend to compresv air jav- 
SILCS riiii does not allos-r for the fire pas 
, 3 ~c of in .ncrnnnl lolnn.c of i.r I m .. 
rcuncj .Intnv [.cnoJ. o 

dioriso 3.0 o.'.cr i..cd..|.o.. ,• tic .o 

dot.oj 1 ol .ri c i , . 3 rev 
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Sunburn 


Sunburn is a dermatitis caused by the 
action of ultraviolet rays upon the unpro 
tected skin It is a problem in the breeds 
of swine which have white skins. Other 
breeds may be affected but to a much lesser 
degree Sunburn occurs when very young 
pigs with tender skins are exposed to 
bright sunshine and when white swine of 
any age are placed in bright sunshine with 
out a period of acclimation Swine do not 
become sunburned indoors because win 
dow glass does not permit passage of the 
ultraviolet rays 

CLINICAL SIGNS 

The seventy of signs is determined by 
the brightness of the sun, length of expos 
ure, and sensitivity of tlie skin The signs 
usually appear within several hours after 
exposure An erythema develops due to 
vasodilatation of peripheral capillaries In 
addition there is an increase m capillary 
permeability widi resulting edema Af 
fected swine are warm to the touch and 
show evidence of pain They walk very 
carefully and squeal when they contact any 
object After several days thin layers of 
skin peel off and die hogs are relatively 
inunuiie to the effects of ultraviolet rays 
Mudi of the immunity is probably due to 


a duckening of the outer layers nther dian 
tanning 

Very young pigs may be burned so se 
verely that their ears and tails will necrose 
and slough 

Sunburn is rarely fatal in swine 

DIAGNOSIS 

Diagnosis is based on a history of unac 
climated swine being exposed to bright 
sunlight an er\diemi and edema of die 
skin 

The absence of a photodynamic agent 
and die relatively mild nature of die con 
dition serves to differentiate it from photo- 
sensitization 


TREATMENT 

Providing protection from die sun for 
a few days is usually all dial is required 
when swine become sunburned In sescre 
cases bland oils may be applied to die skin 


PREVENTION 

Protection from bright sunlight slioiild 
be provided for baby pigs Animals uilli 
ivliitc shin should be cvposcd to bngli 
iunshme for short periods of time unit 
[heir shins acquire some prolcclion All 
liogs should have icccss 10 shade during 
[lot weather 


Photosens 

The term phoioscnsitizalion indicates an 
increased or unusual sensitivity to hgh* 

In swine, die condition is diaracteriicd by 
a supcrncial necrosis of the unpigmcntcd 
nr hgluly pigmented areas of skin In gen 
cral the appearance of the symptoms of 
plioioscnsiuzation is dependent upon i''® 
‘actors (I) a hog must ingest a spcaRc 
^nsuizing substance known as a photo* 

’hnamic agent, and (2) die animal s skin 

niusi be exposed to sunlight 
bourne (1953) defines a photodyiunuc 
“gent as any dicmical substance 
Presence in die skin or other tissues i« cap* 


ization 

,Ic of absotbiiig icrlaiii lu'c leiigllu ni 
nligitt and converting die radiant ciicin 
to molecular cnctgy I'lucli « pawed 
olhcr tiioicculcs and tii die picsiiicc of 
□Iccular uvygvii mis up He 
aractctiiiiig die clinical ail«:co of 

li.se .....ucuus knouil pliulud) 
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and permitiing undue sexual excitement 
due to inadequate isolation of animals m 
estnis 

CLINICAL SIGNS 

Vi the onset, affected animals are depres 
sed and seek shade and water As the condi 
non develops, they become djspneic sah 
vate profusely, exhibit open mouth breath 
ing, and may become extremely restless 
The temperature may rise to 110° F or 
even higher They may approach a state of 
frenzy and become ataxic constantly 
changing positions 

Oftentimes the animals will assume a 
sitting position As anoxia develops due to 
circulatory failure the visible mucous mem 
brancs will become cyanotic Eventually 
the animal becomes comatose, and death 
occurs within a few hours in severe cases 
if satisfactory treatment is not administered 
Occasionally animals recover from die acute 
signs of the disease but are unable to loler 
ate hot weather They may also have per 
manent mental derangement 

PATHOLOGICAL CHANGES 
The carcass is usually well covered with 
fat, A bloodstained foamy discharge is 
often csuding from the nostrils Much of 
the viscera is edematous and hemorrhagic 
This IS particularly true of the lungs The 
central nervous S)5lcm is edematous and 
there ma) be destruction of nerve cells m 
the cerebral cortex 

DIAGNOSIS 

Diagnosis is often difficult because heat 
stroke ma) accompany many diseases It is 
iinjicrativc to secure a complete history and 
conduct a thorough physical examination 
1 he presence of any of die prcdis|x>sing 
factors and exciting causes m very hot 
wcailicr along with the described symptoms 
pistifics a diagnosis of heat stroke 

treatment 

Prompt reduction of body temperature 
is uidiciie-d when heat stroke is dUf^nosed 
but caution must be obscrvcil in spraying 


or pouring very cold water on the back of 
the hog suffering from heat stroke 

Abundant amounts of cool water should 
be used on the floor suriounding die affect 
ed animal His legs, underline, and head 
should be badied with cool water 

In severe cases ice packs may be used on 
his head and legs Fans should be used to 
facilitate proper circulation of air In ad 
dition to lowering the body temperature. 
It IS indicated to administer stimulants or 
depressants, dependent upon the condition 
of the animal If he is in a state of frenzy, 
mild sedation should be cautiously admin 
isiered If the animal is comatose and ar 
culatory failure is eminent, stimulants and 
oxygen should be given 

Following a decline m temperature and 
improvement in the animal's general con 
dition. It IS advisable to observe him very 
closely for the next 24 hours since the symp 
toms of heat stroke may reappear after treat 
ment is discontinued 

PREVENTION 

Prevention of heat stroke consists of 
maintaining hogs in as comfortable an en 
vironment as practical witliout subjecting 
them to any undue stresses 
Some of the more important preventive 
measures to observe during hot weather are 

1 Provide adequate shade, water, and ven 
tilation 

2 Provide a well balanced laxative diet 

3 Move or handle hogs during the car y 
morning or evening hours 

1 Dispose of breeding annuals vvin 
chronic respiratory diseases 
5 Provide separate quarters for males an 
females during the breeding scison to 
prevent undue sexual excitcmtiU 
fi Maintain sows in medium condition 
rather than very fat at farrowing ^ 

7 Acclimate hogs to very hot sun by ex 

posing them for short periods or b) 
mg them the initial c\i>osnre diirint, 
more moderate davs . 

8 Make additions to ihc herd during 
periods of the tliv, and, if 
occurs, remove ibe offenders 
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lamp black retards penetration of epi 
dermal layers by the suns rays 

PREVENTION 

When swme are pastured, it is not al 
ivays possible to prevent phoiosensitization 
Close observation of the animals and re 
moval from the pasture at the first signs of 
pJiotosensitization ivill prevent serious at 
tacks If It is necessary to pasture hogs on 


565 

forage containing photodynamic agents, it 
IS advisable to confine tlicin indoors dur 
ing die day and allow Uicm to graze at 
night 

Plants uhidi ha%e grown scry tall and 
have been trampled down and damaged 
should not be fed to swine if photoscnsiti 
zation IS a problem 

Phenodnazine should not be gnen to 
swine under 70 days of age (Swales 1912) 


REFERENCES 
Heat StroW* 

Dorijvnd, wan 1042 The Amenon nUistntca Mcilical Diciioiur) 19ih cd W B 
Saunders and Company, Philadelphia and London p 1301 
WiccERs, C J 19-19 Physiology in Health and Disease 5ih cd Lea and Fchigcr Philadelphia 
p 974 


Photos«nsi<iial an 

SouRNE R F 1953 Phoiosensitization No Amcr Vet SI 173 

Clare, N T 19a2 Ruakuia Anim Res Sta Dept Agr No 3 Hamillon New Zealand 
McClymont C L. 1933 Possibility of photoscnsiuzauon due to mgcsiion of aphids \ mrahan 
Vet Jour 31 112 

Klussendorf, R C 1954 Photoscnsitization No Amcr Vet Sa C6 j 

SwAUs W E Aloriciit, W D Fraser L ano Muir G W 1912 Photoscmuization produced 
in pigs by phenoihiazine Canad Jour Comp Med and \ct Sci C 1C9 



564 Section VI MISCEIMNEOUS DISEASES 


ladmo cIo\er, alsike clover, rape, \eich, 
buck^vbeat, oats, and SLjohns^\ort Phe 
noUuazme is a photodjnamic agent McCly 
raont (1955) has reported tliat some aphids 
conuin a fluorescent pigment which ma) 
promote photodynamic hemolysis 

The pigment phylloery thrin, whidi is 
one of tlic end products of chlorophyll 
catabolism, is the most common photody 
namic agent Usually phylloerythnn is ex. 
crcied by tlie liver, but, if an excessive 
quantity is present or tlie liver is not func 
tiomng properly, large amounts of this 
fluorescent pigment may appear m the 
tissues Partial decomposition of plants be 
fore ingestion apparently increases the 
amount of phylloerythnn whicli is pro- 
duced 

CLINICAL SIGNS 

Four factors which influence tlie onset of 
symptoms are amount of photodynamic 
agent m tlie skin, IcngUi of exposure to 
bright sunlight, color of skin, and die 
color and amount of hair covering the 
skin Usually die symptoms appear within 
the first week after swine begin grazing on 
forage containing photodynamic agents 
The first signs arc crydiema. edema, 
pam, and slight elevation of temperature 
If die pigs arc spotted or have white points, 
there vwll usually be sharp demarcation be 
iwccn the pigincmed and non pigmenicd 
areas with only the unpigmenicd areas 
being aflcclcd Early signs arc followed by 
exudation of scrum vshicli dries and mats 
down the hair The cars arc often thick 
entd, die conjunctiva congested, and the 
eyelids matted together Pam is evidenced 
by the animal s careful gait and suddenly 
dropping to the ground vwih rear limbs ex 
tended jxisicriorly Hemoglobinuria may 
be present After a few days the skm be 
comes very dry, hard, and fissured At 
this time, pigs show cxircim. pruritus, rub 
bing on the fence, buddings, or any solid 
object dic) can conticL 

In apptoxiinatcl) one week die siqicr* 
ficial layers of ncautic skin begin to sepa 
rate from the underlying tissues Ibc 
cdjjCS licgin to separate first at the fissures 
and the strips l>cgm to aul These strips 


eventually drop off or are rubbed off, ex 
posing a partially healed area devoid of 
hair In most cases these areas again be 
come covered with hair but due to die 
scarring of the skin tlie haircoat is rough 
and staring 

The mortality is low but economic losses 
occur because swine lose weight during the 
acute phase of die condition and diey 
often do not gam satisfactorily for some 
time after die decline of symptoms 

GROSS LESIONS 

The most marked lesion observed at 
necropsy is a necrosis of the superficial 
layers of unpigmented or lightly pigmented 
skin In severe cases the ears and tail may 
be necrotic and m die process of sloughing 
It is also possible, but rare, for die hver 
and kidneys to be enlarged and neaouc 

DIAGNOSIS 

The diagnosis is made on the basis of 
superficial necrosis of unpigmented or 
lightly pigmented areas of skin, ingestion 
of a photodynamic agent, and exposure to 
sunlight . 

Photosensjiization is most likely to * 
confused vvidi sunburn and erysipew* 
The mgesiion of a photodynamic agent 
and the sev erity of photoscnsiliralion are o 
major v^lue m difTereniiaiing it from snn 
burn Erysipelas is marked by high tciii 
pcraturcs and skm necrosis winch is non 

selective, relative to pigmentation In a i 

tion the herd history and swollen join 
arc of value 

TREATMENT 

In mild cases, treatment consists of pf^^ 
mg the animals m darkened 
removing from their diet the ingre ic 
wliicli contains the photodynamic ^8^ 

In more severe cases, ic may be ^ 

to give them a laxative and apply > 
protectant to die skm Non drying om ^ 
m softening die crusts, thus decreasing ir 
lation to die skm and aiding *n 
moval of the necrosed tissue 

Kluvscndoif (1951) states that Uom 
biuiiuth mixtures picvcnl ntcroiis ami 



Chapter 43 


MAlFORMATtONS R A Runnel/s 


569 


'’s by feeding pregnant sous a ration 
nt m a factor or factors necessary to 
t normal reproduction and lac 
The leg malformations uere fusion 
digits and contraction of the ten 
riiey believed tiie factor or factors 
m the ration are present in alfalfa 
good quality 

3 SYSTEM MALFORMATIONS 
ral nervous system defect cliar 
in part as external hydrocephalus 
reported in Duroc Jerse)s and 
imas Pigs born uith this mal 
have enlarged heads, light coat 
liort tails The bristles are light 
^i/very sheen The tail is short 
There is always an accumu 
lid in die aracJinoid space of 
n though tite quantity is not 
to cause enlargement of the 
iccumulation of fluid is great 
IS distinct bulging of the 
region At this jihce a dc 
CaUin Mark is present 
arc born ah\c, tliey stand 
Their joints arc stiff, and 
led to stand, dicy squeal 
iin and qui\cr If forced 
incoordination Tiic jaus 
nt nursing is impossible 
irn alive, they die uithin 
ingle recessive nutosomaf 
rmincd to be responsible 

nee from die sianUjJOiiu 
c the anomalies vthidi 
cribcd in the liicniurc 
pig cnibrjo v»iili bifid 
brim, and paired h) 

Jill ibiiornnliiy of the 
diis discussion sliotdd 
the malformations of 
urtance 

\LfORMATIONS 
lucraiurc there arc 
development of the 
ariicubil) m the 
ch malfornutions 
and of the atuiv. 


In these cases there is partial or comp/ete 
closure or absence of a portion of the ah 
mentary tube The aninnls arc usually 
born alive but die uuhin a feu dajs The 
author observed a pig uhidi Ind lived 3 
weeks with atresia ini Tlic pig suckled 
but eventually became greatly bloaicd nnd 
depressed kndans (1913) encountered a 
litter of fi pigs, 3 of eadi sex, in which the 
females liad no anus but due to failure 
of partitioning between die rectum and 
vagina defecation was accomplished 
llirough the vulva It is believed b> gc 
neiicisis tint tJiesc defects arc probabl) ilic 
result of complex inhcniance 

CJRCUIATORY SYSTEM MAlFORAIAIiONS 
Reports of disturbances m the develop 
mciii of die circulatory system of pigs arc 
extremely rare There is an occasional re 
port on unusual arrangtments of the great 
vessels but dicse abnormalities arc usually 
discovered by instructors of laboratory 
classes in embryology and arc not sigiufi 
cant enough lo warrant dcscnpiion hcic 
Of more importance perhaps is a defect 
in tiic coagulation nicdniustn of $\nnc 
blood which occurred in Missouri (Muhrer 
ct at, 1912) In a herd of swmc severe 
bleeding occurred whenever certain 
animals were injured as when thetr cars 
vvcrc notched rings were put in dicir 
snouts ma/c$ were castratet/ tteth htcamc 
loose, joints were bruised, or when the 
vagmi was irauniaiircd in coitus or ai 
pjrtnntion It was a (ransmivsible defect 
but not sex hnkcti as is human hemtiplulii 
In suiiic It IS tranniiissibic lo iKtih vexes 
llic ptcscncc of dns defect in die bhKxl 
coagulation mcdiinisnt can l>c dciccicai by 
dctcnnining die fibrin jirrcijiiuiiun time 
111 diluted jilisma Ihu n coiuuictcd to 
be a reliable test for die abiioriiuliiy FJir 
iitjcclion of a globulin (taciion jnejured 
from nornul bloovl reduces ific ciu^uJjtmn 
liiuc of the blood of ab|i riiul Jimrul* 

GENITAL malformations 

In a studv if die gricrative organs «f 
jO’’*! suns and i,dii bs WrCs'tis j/ t bi» 
collraguct (l‘*«>, and 
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In the course of the embryonic develop 
ment of pigs it is reasonable to suppose 
that deviations from normal may occur as 
m other animals and result m the same 
kinds of malformations However, the In 
erature is not burdened with reports on 
such malformations Just as in other 
animals a malformation may involve an 
organ or a part of the body (anomaly) or 
be much more extensive, so that great de 
formity of the individual occurs (monster 
or monstrosity) 

Obviously the degree of malformation 
may be variable It may be so slight that 
the value of the animal for food is not 
affected yet great enough to disqualify the 
animal as a breeder On the other hand, 
die disturbance in development may be 
great enough to interfere with the growth 
or the health of die pig or even extensive 
enough to cause its deadi prenatally or 
Within a few days or weeks postnatally 

CAUSES OF MALFORMATIONS 

The causes of malformation are not al 
wa>s known Some ha\e their origin m 
die genes of die cliromosonies and are 
therefore heritable By far most of those 
reported in swine have been heritable A 
few have been attributed to nutritional dc 
ficiencies, infections including vaccination 
"idi modified live hog cliolera virus, and 
trauma Most of die malfomiaiions begin 
to make dieir appearance in the embryo 
"idun the first few days or vsccks after fer 
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tilization of the ovum Only a few prob 
ably have their origin in the later stages 
of pregnancy 

HERITABLE MALFORMATIONS 

Heritable defects are the result of defi 
nite elements m the germinal makeup 
They are transmitted in accordance widi 
die Mendelian laws of inheritance and in 
many instances their mode of inheritance 
has been definitely determined M in die 
case of other heritable characters certain 
defects are inherited m a simple fashion 
while others are due to larger gene com 
plexes Most hereditary defects appear to 
be simple, recessive, autosomal chancters 
This means that the genes responsible for 
them are not m the sex determining cliro 
mosomes and diat Jicterozygous amnnls 
dial IS diosc carrying a single mutant gene 
do not show the malformation however 
when two sudi earners arc mated and pro- 
duce offspring, about 25 per cent of the 
progeny have die hereditary malfornntion 
About dirce of the offspring will be noniial 
and one will present the disturbance in dc 
velopmcnt This, of course, is die familiar 
Mcndehan ratio In swine these rcccssoc 
mutants result when a earner boar is 
inatctl widi his own gilts or with giUs of 
some odicr earner Since in cither case only 
about one half of these gilts will can7 
die recessive gene, die other lialf can pri>- 
ducc only iionnaJ pigs. The resultant ratio 
of normal animals to malfoniicd amniais 
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muscles by feeding pregnant sows a ration 
deficient in a factor or factors necessary to 
support normal reproduction and lac 
tation The leg malformations were fusion 
of the digits and contraction of the ten 
dons They believed the factor or factors 
missing m the ration are present in alfalfa 
meal of good quality 

NERVOUS SYSTEM MALFORMATIONS 
A central nervous system defect char 
acterized in part as external hydrocephalus 
has been reported m Duroc Jerseys and 
Poland Chinas Pigs born with this mal 
formation have enlarged heads, light coat 
color, and short tails The bristles are light 
red with a silvery sheen The tail is short 
or absent There is always an accumu 
lation of fluid m the arachnoid space of 
the brain even though the quantity is not 
great enough to cause enlargement of the 
head If the accumulation of fluid is great 
enough, there is distinct bulging of die 
frontoparietal region At this place a de 
feet similar to ' Catlin Mark is present 

If the pigs are born alive, they stand 
with difficulty Their joints are stiff, and 
if they are forced to stand, they squeal 
as though in pain, and quiver If forced 
to move, tiiere is incoordination The jaws 
are closed so tliat nursing is impossible 
If tlic pigs are born alive, they die witlitn 
a day or two A single recessive autosomal 
gene has been determined to be responsible 
for this defecL 

Of lesser importance from die standpoint 
of swine raising are the anomalies whidi 
^re occasionally described in die literature 
sucli as diat of a pig embrjo widi bifid 
noiocliord, biaxiate brain, and paired hy 
Poph)scs and congenital abnonnaliiy of the 
Purkinje cells, but diis discussion should 
be directed more to die malformations of 
greater economic unportance 
digestive SYSTEM MALFORMATIONS 

Now and dicn in the htcraiure there arc 
reports of defects in the development of the 
gastrouucsiinal tract, particularly in die 
«^audal half Among sucIi malfornniions 
“rc atresia of the ilcuni and of ihe anus 


In these cases there is partial or complete 
closure or absence of a portion of the ah 
mentary tube The animals are usually 
born alive but die within a few days The 
audior observed a pig which had lived 3 
weeks with atresia am The pig suckled 
but eventually became greatly bloated and 
depressed Knilans (1913) encountered a 
litter of 6 pigs, 3 of eacli sex, in which die 
females had no anus but due to failure 
of partitioning between die rectum and 
vagina defecation uas accomplished 
through die vulva It is believed by ge 
neticists diat diese defects arc probabl) the 
result of complex inheritance 

CIRCULATORY SYSTEM MALFORMATIONS 


Reports of disturbances m the develop 
ment of die circulatory s>siem of pigs are 
extremely rare There is m occasional rc 
port on unusual arrangements of the great 
vessels but these abnormalities are usually 
discovered by insiruciors of laboratory 
classes m embryology and arc not signifi 
cant cnougli to warrant dcscripiion here 
Of more importance perhaps is a defect 
in the coagulation mcclnnism of suine 
blood which occurred in Missouri (Mulircr 


ct at, 1912) In a herd of swine severe 
bleeding occurred wliencvcr certain 
animals were injured as when their cars 
were notclied. rings were put in their 
snouts, males were castrated, teeth btcanic 
loose, joints were bruised, or wlicii die 
vacina was traumatized in coitus or at 
inriiinnon It was a transmissible dcl^cct 
but not sex linked as is human hemophilia 
In swine it is transmissible lo both st\c$ 
The presence of this defect in the blo<Kl 
coiculaiion niedianism can be dcicctcil !>> 
dcicnnining die fibrin precipitation tunc 
111 diluted plasma Tins is considered to 
be a reliable test for ihc abnormality llic 
injection of a globulin fraction prcparcil 
from noninl blood reduces the coagulation 
mac of the blood of abnormal aiiinuli. 


ITAl MALFORMATIONS 
1 snid> of the generative organs of 
; sowi aiul gilts b) Wiggins and his 
agues ( 19 a 0 ). aplasit and 
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IS dien not 3 1 but 7 1 Naturally the 
reason malformations in swine are so sel 
doin seen is that swine breeders usually 
avoid further use of a boar that is a proven 
carrier of an anomaly and discard normal 
full siblings of affected animals 

SKELETAL MALFORMATIONS 

A heritable lethal factor causing legless 
pigs was reported by Johnson (1940) In 
the herd in which this malformation ap 
peered, 2 boars, both heterozygous for the 
causatne gene sired some pigs in which 
die bones of the shoulder and pelvic gir 
dies were normal or nearly so but all the 
leg bones were missing The ratio of 
normal pigs to legless pigs was 207 25 
This conforms closely to the 7 I expected 
ratio which would have been 203 29 
These pigs were horn alive and at die out 
set were as vigorous as the normals but 
died within 3 da)s 

A heritable malformation which not al 
wa)s but usually is fatal is a defective dc 
Nclopment of the skull In most cases af 
fected pigs die within an hour The defect 
occurs in the frontal region and usually 
consists of an arrest in development of the 
frontal and parietal bones on the midline 
As a result, a hole is left in the skull at 
about the place of intersection of 2 lines 
cadi drawn from an ear to the opposite 
c)c The defect has been called '‘CatUn 
iMflrft '' The skin over the opening may 
be covered with hair At the Calif Agri 
cultural Experiment Station (Hughes and 
Hiri, 1931), where this has occurred, the 


character was a single recessive from both 
parents and occurred in Poland Chinas 
CZe/t palate, a recessive character, has 
been reported in swine As in other 
animals it is due to failure of the lateral 
palatine processes to develop completely 
These two shelflike processes, outgrowths 
from the medial aspects of die maxilla 
fail to meet and fuse on the midhne of the 
oral cavity It is transmitted as a simple 
recessive diaracter Since die defect pre 
vents nursing, the pigs soon die 

In the swine raising sections of the 
United Slates the introduction of modified 
(attenuated live) hog cholera virus for 
immunization against hog cholera was ac 
companied by a peculiar syndrome m off 
spring of some vaccinated pregnant sows 
The syndrome was diaracterized by ascites, 
anasarca, edema of the mesocolon and pen 
renal tissues, hydropericardium and hydro 
thorax, mottling of die liver, and the fo 
lowing malformations asymmetry of the 
head narrowing of the head, lengthening 
and twisting of the snout, and manor 
mation of the limbs (Fig 43 1) Experi 
mentally the condition was produced m 
Minnesota by injecting modified 
cholera virus into sows on the Uth to 16 
day after mating (Sauter et al , 1953) T le 
Minnesota researchers believe diat the pres 
ence of live virus in die body early m 
pregnancy may interfere widi die deve op 
ment of some organs 

In Wisconsin, Ross et al (1944) pr<^ 
duced malformations of the hmbs an 
paralysis with constant tremor of t 



FIG 43 1 - Fetal 
the result of 
edema and cscaei Dom 
been iniected with f”? 
live virus 16 doys after broetf 
ing Fetus was lOS day 
at time photogroph vvoi 
en ond was ‘ha 
alive In the Utter (PhotogroP 
courtesy J H Sauter, O ^ 
Young, A J Luedke, end 
J Kilcheii. m 

MInnesoto ond Hormel 
slitute ) 
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genic tissue The ovary had the structure 
of that of a normal sow about 10 days post 
ovulation The uterus was in the early 
phase of luteal stimulation 

In a case of true lateral hermaphroditism 
reported by Brown (1944) an imperfect 
ovary was attached to the broad ligament 
on the left side The oviduct and left horn 
appeared normal The right horn was 
small and had no tube The two horns 
fused into a body but the cervix and vagina 
were imperfect and terminated in fat in 
the pelvic cavity On the left side the male 
organs were represented by an imperfect 
testis which was located just outside the in 
guinal canal It had a small epididymis 
and an undeveloped vas deferens which 
ended in abdominal fat Externally there 
were normal labia but no connection with 
the vagina The clitoris was large with the 
urethral opening on its dorsal surface The 
prepuce was normal m shape but had no 
opening The teats were small like tliose 
of the male and no mammary gland tissue 
was recognizable 

Brambell (1929) desaibed the histology 
only of the gonads of a pig which may 
have been a unilateral hermaphrodite Such 
an animal has an ovary and a testis on one 
side and either an ovary or a testis on tlie 
other Brambell s case had a testis on tlie 
left side and an ovotestis on the right 

Fourie (1935) in South Africa described 
a false masculine hermaphrodite pig whicli 
had two testes each with an cpididy 
nus and a vas deferens The vas deferens 
whose lumen was small, led to a point m 
the vicinity of the external uretliral orifice 
and terminated The horns of tlie uterus 
whicli were poorly developed were attached 
to the distal end of the corresponding epi 
didymis There were no oviducts or ovaries 
The cervix was of the usual length but its 
wall was thm and its canal ballooned The 
Vagina was poorly developed The vulva 
"as normal with a large clitoris The 
"ere nonfunctional and the Lcydig cells 
hypoplastic This type of hennaplirodiusm 
IS also called Uie transverse and is cliarac 
terizej by external organs indicating one 


sex and by the presence of gonads of tlie 
opposite sex 


The common hernias in swine are m 
guinal scrotal, and umbilical These are 
so common and of such economic impor 
tance that they have been a problem for 
extensive investigation at tlie Wisconsin 
Agricultural Experiment Station (War 
wick 1926) 

In the study in Wisconsin up until wean 
ing time 1 68 per cent of the male pigs 
had inguinal hernia and 0 6 per cent had 
umbilical Among females 1 16 per cent 
had umbilical hernia In tlie males it was 
believed that the anatomical defect whicli 
resulted m the hernia was a large internal 
vaginal ring and a low degree of tensity 
of the tunica vaginalis 

The testis m the fetal pig normally 
reaches the lower aspect of the inguinal 
canal between 80 to 90 days after fertiliza 
lion of the ovum At 100 days or later the 
testes descend into the saotum During the 
next 12 to 18 days before birtli die testes 
complete their development By this time 
the tunica vaginalis must be well enough 
developed to withstand pressure during 
and after birUi After the testis descends 
into die scrotum the canal closes md the 
intesunes axe held back in the abdominal 
cavity If the inguinal ring is unduly hrge 
hernia of the intestine may occur It may 
be detected immediately after birth or may 
not occur until sometime within the first 
mondi If die condition is umhtcral it 
occurs more frequently on the left side 

In the 'Wisconsin experiment hernnicu 
boars «ere mated to closely related fe.ttalcs 
These breeders came from a herd iji which 
7 49 per cent of the tttale pigs had licrnia 
,11 tliVyear die project «as begun Irtor 
lo dlts the parent herd had a 3 jear record 
of I ID per cent herniated male pigs After 
maling the hcrn.aicd males uni, close y 
related females die hernia rate 
11 ->8 per cent in die males in the Hnl 
generation in the second gcneralion in I- 
^r cent, and in die lliird gcneralion in 
13 18 per cent 



570 Section VI MISCELLANEOUS DISEASES 


of parts were observed in only 0 7 per cent 
of the cases, and duplication of parts m 
only 0 1 per cent The most common 
aplasias and hyperplasias involved the 
horns of tlie uterus The defect was usually 
unilateral and in these cases did not in- 
terfere with breeding efficiency, altliough 
it would seem reasonable that the size of 
the litter might be reduced In one case 
there was no cervix, in another an ab 
sencc of horns, cervix, and vagina, and m 
two the vulvae were missing Only three 
of the females had duplication of parts, m 
nvo there ivere two cervices, and in another 
a portion of a horn was bifid These dupli- 
cations did not interefere with pregnancy 
In the same study 3,476 sows and gilts 
were examined for persistence of male 
ducts m the broad ligament along the 
uterus Such persistence occurred in 8 9 
per cent of the animals In some cases the 
duct ran along in an unbroken line where 
as in others it resembled a string of beads 
This form of persistence of fetal structures 
occurred unilaterally and bilaterally, with 
combinations of continuous and segmented 
tubes The persistence of this fetal male 
structure did not seem to interfere with 
tlie breeding effiaency of the females 
Cryptorchidism in swine has been 
studied quite thoroughly at the Missouri 
Agricultural Experiment Station (McKen 
zie, 1931) Attention to the problem there 
ivas sumulated by the occurrence of the 
condition in 10 of the herd boars Five 
had double cryptorchidism and 5 single 
In unilateral cases the left testis is usually 
involved One boar failed to develop male 
characteristics 

To determine whether the condition was 
heritable m the Missouri herd, a normal 
male was selected from a litter in which 
other males had the condition This boar 
was mated to 12 sows The boar was un 
related to the soivs but 4 of the sows were 
related to each otlier, one ivas the dam of 
3 of the others The 12 sows farrowed 107 
pigs of both sexes In the litters of 5 sows, 
10 ayptorchids appeared Four of these 5 
sows were the related ones mentioned 
above After various combinations of mat 


mgs among these animals it was concluded 
that cryptorcludisra is probably inherited 
m mudi the same fashion as is herniation 
The writer has been able to find m the 
literature only one report of a case of com 
plex hermaphroditism m swine Such an 
animal has the external and internal gem 
tal organs of both sexes. 

In die literature available to the author 
there are reports of about thirteen cases 
of true lateral hermaphroditism (gynandro 
morphism) m swine In this form of m 
tersexuahty a male gonad is present on one 
side and a female on the other In the 
embyro the male hormone stimulates the 
development of the Wolffian duct from 
whicli several of the male sex organs de 
velop and the female hormone stimulates 
the Mullerian duct from which several o 
the female sex organs arise These hor 
mones are produced m the interstitial cells 
of the gonads In cases of mtersexuality 
it is believed that the hormone which 
should dominate m the development of 
the particular sex organs is defiaent m 
the absence of its governing influence the 
hormone m die rudimentary gonad of the 
opposite sex exerts its influence so tha 
structures of both sexes become promi 
nent 

In true lateral hermaphroditism, ^ 
stated previously, a male gonad is present 
on one side and a female gonad on the 
other Outside of this there is no set 
anatomical pattern The other sex organs 
may m part be well developed, poorly dc 
veloped, or lacking In a case reported y 
Nielson (1941) there was a testis 
right side and an ovary on the left T e 
left horn of a somewhat enlarged uterus 
had a normal oviduct but the right horn 
had an abbreviated oviduct which temu 
nated blindly near the testis There was a 
nonnal cervix On the right side tlie 
organs were represented by the testis, 
epididymis, and a vas deferens Unfortu 
nately Nielson did not see die 
gemt^s of this case Histologically 
found the testis to be of the cryptorcni 
type There was hyperplasia of the mie 
stiUal ussue and an absence of spcrrna 
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nancy results in a progressive reduction m 
offspring affected by the malformation 
From the standpoint of the embryo it ap- 
pears that die critical time for vitamin A 
deficiency to occur in a pregnant dam is at 
the period when organ formation is ic 
tively taking place Embryologists believe 
diat the formation of the secondary organi 
zer within the embryo has been interfered 
widi In the case of microphthalmia the in 
terference apparently occurs at the lime of 
evagination of die optic \csicle E\agina 
tion 1 $ incomplete and tissue differentiation 
in die eye is only partial 

In Denmark Sweden, England and the 
United States cases of microphthalmia in 
pigs have been associated with vitamin A 
deficiency in sows It has been most prcva 
lent in pigs m drought seasons 

Microphthalmia has been experimentally 
produced by Hale (1935) In his expert 
ment 42 pigs m 4 different Inters were 
born blind Some of them also had other 
malformations sudi as cleft palate cleft 
hp, accessory ears and arrested ascension 
of die kidneys He ruled out genetic fac 
tors as a cause The condition appeared 
in the offspring of sows that i^cre depleted 
of vitamin A before breeding and were fed 
a Mtamm A deficient ration for 30 days 
after breeding This 30 days constitutes the 
period during which the eye develops 

Mancely (1951), however, was not cn 
tirely convinced that the imlforniation was 
the result of vitamin A deficiency because 
he observed it among 27 pigs which were 
farrowed by 1 sows diat were bred to tlic 
same boar Seven of the pigs had the nul 
formation 

monsters 

^losi animals that liavc disturbances lu 
development extensive enough to be eJasse 
as monsters arc ones in which dicrc i$ «u 
complete twinning One tveepuon to tins 
IS the monsicr called acarUmctis It »* a 
ss'in arising from one fcrtih/id ovum 
completely separate from Us mate bill inucli 
smaller Since it derives its bliKnl siipp ) 
bom the placenta of the more or less nor 
•oal luin It IS termed a parasite It h-** 


heart or only a vestige of one It may be 
devoid of a head and may have a very 
rudimentary thorax but a well formed pel 
vis Such a monster is designated acarilticus 
acephalus If the mass which represents die 
fetus IS only a ball of rudimentary organs 
having no heart and covered wiih hair the 
desimiation is acaTiUacits amorphus Tlie 
author has seen sudi monsters in cattle but 
never in swine rurthermore he can find 
no reference to any in die available hicra 
ture 

The more commonly observed monsters 
are those whicli arc examples of incom 
plctc twinning They are derived from a 
single fertilized ovum which in die clcav age 
or early gistriila stage of its development 
ctfas disturbed m some way so that the dc 
velopmeiital pattern became that of tuo 
individuals joined The factor or factors 
responsible for die incomplete twinning 
arc not known 

Reports of incomplete twinning in swine 
arc cxcccilingly scarce in cclcrinary Iitcrn 
ture cscir though specimens of such conili 
lions are commonly found in the anatom) 
and pathology laboratories of most sctcri 
nary colleges These double monsters in 
their nlcrinc desclopmcnl are enclosed in 
a sincle cliorion If the trsitininB iinohcs 
the itostcrior part of the horl) both parts 
bale the same sex because the) are con 
■onicd identical mms fhe conjoiiicil 
fetuses arc generally muled ecntrall) tl.tt 
IS. belly to bell) The part of the laal) 
.ehicli undciBOCS the t»nmm„- tna) he the 
anterior nilh the |ioilciior still a single 
imhsulual (pjgopsgus). or the 
niaa meolse the |)oilcriDr pan "Hh tic 
antnior still a imj.lc imii'iJua (craims- 
isaeiis or ccplialothoiatoisagus i c|>cmhii„ 
iZ^hc extent to ulmh the fetus .. a 
single indisidsial) I o tom|.leie 
nTtmn sf the mo.ister it >• netrsut. to 

uhen appl).nga name isa 1 „ 

lias anlciior tssinniOi, ^ 

In she nsuseums of scirisna ; 
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On the basis of these results the Wis 
consm researchers concluded that hernia in 
pigs IS I heritable cliaracter and stated 
tlieir conclusions as follows Herniated 
boars result from the double recessive geno 
type (h h h h ) while the females of the 
same construction are normal 

WATTLES 

An interesting but harmless defect in 
development was reported by Roberts and 
Morrill (1944) in Illinois The defect con 
sists of a pair of cutaneous teatlike append 
ages which hang down on each side from 
the mandibular region They are called 
wattles but look something like the leader 
or caruncle on a gobbler The wattle has 
a central core of fibrocartilage which has 
a roughened knoblike proximal end em 
bedded m the subcutaneous tissue of the 
under surface of the jaw The cartilaginous 
core is covered with dense connective tis 
sue and skin 

The circumstances under which this con 
dition occurred are interesting A grade 
Hampshire boar that had wattles sired 
several litters from sows that did not have 
the defect The owner of the boar reported 
that one half of the offspring had wattles 
This suggested dominence of the character 
and a heterozygous condition of the boar 
The authors state that wattles are inheri 
ted as a Mendelian dominant character in 
many breeds and strains over the earth 
They cite an instance in which there were 
84 pigs m 9 litters all from normal sows 
Among the 65 pigs which lived 29 liad 
wattles so it appears that the defect is in 
herited as a simple dominant character 


MICROPHTHALMIA 

A malformation which has attracted at 
tention in England Denmark Sweden and 
die United States is microphthalmia a 
condition associated with blindness (Fig 
43 2) In all cases the eyes are small and 
tlieir state of development quite variable 
Parts of the eye may be missing or u 
present they may be very imperfectly 
formed For instance, a very rudimenta^ 
lens may be present or the lens may be 
completely lacking If only tlie primordiura 
of the lens is present it may be imbedded 
in a mass of connective tissue Most of the 
remainder of the eye may be represented 
by a mass of connective tissue in which 
smooth muscle and vesicles of pigmented 
(melanin) cuboidal choroidal cells are laid 
down m a helter skelter fashion In omer 
cases tlie sclera is poorly formed and is 
lined within with a papillated clioroi 
which IS imperfectly formed There may be 
islands or strips of retina around a central 
lumen or in a dense mass of connective 
tissue In these strips and islands of retina 
rods and cones may be present or only 
rods Portions of the vitreous body may be 
present 

This form of eye defect in pigs » be 
lieved to be tlie result of the transmission 
of a lethal gene or the effect of vitamin 
deficiency m the pregnant sow It has been 
shown m rats that pregnant females wi ^ 
vitamin A deficiency have offspring whi 
exhibit vanous congenitil defects among 
tliem eye lesions like these m pigs Admini 
stration of vitamin A to such females a 
progressively earlier times during 
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there are generally pig fetuses also m uhich 
die twinning was almost complete They 
are united ventrally either at the thorax 
(thoracopagus) , at the thorax, the cervical 
region, and to some extent at tlie head 
(prosopothoracopagus) , or at the thoracic 
and lumbar regions (rachipagus) 

The double monsters just described are 
those with s)Tnmetrical development Oc 


casionally one may be large and tlie other 
small and embedded in tlie larger The 
larger is termed the autosite and the sinal 
ler the parasite By a stretch of tlie imagi 
nation one can conceive of a teratoma of 
the testis or ovary as belonging to this same 
category of monsters since it is generally 
believed that teratomas of the gonads arc 
included twins 
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Tumors 

The best information on the prevalence 
of tumors in swine v.as gathered by Steiner 
and Bengston (1951) They obtained tlieir 
data from the 1948-49 report of the Bureau 
of Animal Industry m the United States 
Department of Agriculture In tint year 
more tlian 49 000 000 hogs were slaughtered 
m packing houses having federal meat in 
spection Of the 49 million animals the en 
tire carcasses of 1 247 were condemned for 
tumorous conditions This is only 0 003 
per cent of tlie animals as contrasted to 
0063 per cent of the cattle ^shicli "cre con 
demned for tlie same reason In addition to 
these condemnations of entire carcasses it 
ts estimated that parts of approxnnaiel) 
86 000 other pigs uerc condemned for tu 
niors 

Tumors of suine then appear not to be 
'cry prevalent Steiner and Bengston point 

liowc\er tint these figures do not Ri'C 

the tvholc story tvith respect to the preva 
lencc o[ swine tumors because onl) aliout 
tuo-thirds of the hogs are slaughtered m 
packing houses having federal inspection 
and tlicsc are hcaltliy hogs The other third 
"'a) and probably does contain more am 
nials with tumors They cmphasire also the 
'act that in 1913. 87 1 per cent of the am 


malkill consisted of barrows and gilts un 
der one )ear of age They had not retched 
the tumor age 


(INDS OF TUMORS IN SWINE 
Day in 1007 began to give information 
in the prevalence of cinbiyonal nephroma 
fWtlms tumor) in swine slaughtered in 
Chicago Among 93 tumors in his swine 
ollccuon 17 were of this type Fcldmtn at 
he Mavo Foundation in 1933 had a col 
cction of 8G swilie tumors among which 
.ere 10 embryonal nephromas In that 
tine year Davis and his colleagues in list 
,nir 26 swine tumors tint came to them 
[rom Denver packing houses had la cm 
hnoiial iicphroiiias among .0 tuiiiors 1 re- 
.lously Kinsley in 1930 h id rejioiled one in 
1 eilt In 1913 Pluiiimcr at Ollawa. C-ina 
h had 2 in i group of 3 tiiinors he re 
cived from abattoirs the pievinus year 
rhesc data give considerable slipliort 
"raiireiit belief .hat tin. is die most pie 

.alent tumor of sssine 

nils" ere' o?i‘;!iphn.dor.„n. In .he 

niCoHccuoii ihcv do It diCJtc 

XTetnlSmtoma. are rated sec nl 

„nn|iotiance m tiimoisofpgw 
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hum predominate From die well developed 
capsule of connective tissue, strands of this 
tissue permeate the parenchyma of the tu 
mor subdividing it into masses of various 
sues and shapes The blood vessels of the 
stroma send capillaries into the paren 
chyma The parencliyma in some areas has 
the appearance of a fibrosarcoma, in others 
of an adenoma The cells of the sarcomatous 
areas are round, ovoid, or spindle The cells 
of die adenomatous portions seem to be at 
tempting to form alveoli and irregular 
branching, blind tubules, and occasionally 
renal corpuscle like bodies The cells form 
ing alveoli and tubules are cuboidal or 
columnar Those forming renal corpuscle 
like bodies are flat or cuboidal To com 
plicate the pattern of the tumor, sinuses and 
cysts filled with blood or hyalin like mate 
nal may be mixed with the oilier clemcnis 
Occasionally smootli and striated muscle 
and, very rarely, cartilage and bone may be 
present also Some of the epithelial cells 
usually arc m a state of mitosis 

lymphoma 

The second most prevalent tumor among 
sivinc IS the Ijinphoma, almost aUva)s the 
malignant Ijmphomi (l)nipIio$arcoina 
l)niphoblastonia) 

Anatomical Location 

This tumor arises in preexisting l)iu 
pitoid tissue, usually in the l)inph noslcs 
'lost, if not all, of the I)mph nodes bccoiiic 
afTccicd Metastasis to other organs fre 
quciiily occurs carl> It is surprising that 
die spleen IS often cvcmpi from involve- 
>ncnt by this tumor In Feldman s collcciion 
of 16 such tumors from svsinc onl) * 
‘picnic involvement On the other hand 
‘nctaiiasis had ocairrcd lo ihc li'cr »n l« 
‘d the If) hogs Mctasiavis mav occur ij> 
Ollier organs also In ihrcc-foiirihs of Fcl* 
•nans cases ilic immature l>inph«cvies »« 
die Ivmph notlcs had Isccomc so luimcrous 
dui ihc> spilled over into the general cit 
fulation m mmihcrs greit cnou;,h m 
««lutc a coiulitmn of l)inphoc\iiC IcuVcima 
^vcinkamp (I'Jlj) rccoided a cave in a 
I only j 5 dava old v»hich uas allonoJ to 


live to tlic 77ili da> All of the nodes were 
much enlarged 

Gross Appearanco 

Involved lymph nodes arc generally much 
enlarged and on the cut surface have tlic 
usual appearance of lymphoid tissue cxccjit 
that the volume of tissue is too great for the 
size of the capsule \s a consequence, tlic 
cut surface bulges In other organs the 
metastasizing tumors may be discrete fleshy 
nodules usually fairly widespread, or tlic 
parenchyma of the organ may be dilTuscly 
infiltrated witli the tumor cells This is gen 
erally what occurs m the liver 

The enlarged lympli nodes compress 
neighboring organs or parts and result in a 
most varied combination of symptoms 


Microscopic Appoaronce 

VITcctcd lymph nodes lose the tivuil 
anatomical patttrii of pcnplicral simues 
cortical nodules and mtdullary coids with 
ncritrabccular sinuses Proliferating lymph 
icytes take over tlic node so that the normal 
$t^clurc disapi>cars and beromes one of a 
solid mass of nninaiurc large lymphocytes 
witli hy|>crcIiromatic nuclei and numerous 
imtotic figures 

The cells which form discrete lumoiou* 
noslulcs in other organs or infiltrate organi 
in a dilTusc manner have the same ap|»car 
ance as those m the affected no«fcs I ike- 
wise those tumor cells which apfscar in tlic 
circulating blood naturally have a rcvc.u 

blancc to the parent cell 

IMuinmcr (I'II3) ■lc«nl)C.l a >rl,<ulum 
cM mcoma ot Ihc l»nc nurrnw of Ji. H 

,„onih-old pis ni CjiiaJa He 

Inlf .d ihe dieted rjrau b..l no.r.l ■! c 
meveme of Ihc luiiior in ihc ...ninn oi 
l»nic iiichidiis die o><e<„rjl 
hue the Ihoueic l)nildi n'-h* 

"eol Ihe le,.,.. u iinn ..p’ele l<uu.e 

Ihc\ulliin did tiol luie ae«n. 1 . ihe 

caicjw. 
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Carcinomas are of little importance m 
swine In 1926 Feldman studied 15 swine 
tumors in a collection of 132 tumors of 
animals which he had received from var 
lous parts of the United States Nine of 
these were adenocarcinomas Later, m 1933, 
the same investigator listed 3 out of his own 
collection of 76 tumors as carcinomas 
Davis et al (1933) had 1 in 26 
Melanomas and malignant melanomas 
seem to be of a little greater importance in 
swine than cancer Pickens in 1918 de 
saibed one, Caylor and Schlotthauer 
(1926) , 3, Feldman (1926) . 3 out of 15 m 
his collection Davis et al , (1933) , 1 out of 
26 in their collection, and Jackson (1936) 
m South Africa 2 out of 6 in his collection 
Other tumors of swme which have been 
desaibed by various investigators are 

Adenoma 


Liver, 2 

Feldman, 1935 

Liver 1 

Tackson, 1935 

Fibroma 

Skin, 1 

Davis et al 1933 

Fibrosarcoma 

Pericardium, 1 

Davis et al . 1933 

Hemangioma 

Skin, multiple, 1 

Jackson, 1936 

Ovary, cavernous 1 

Davis et al , 1935 

Myxoma, 1 

Feldman 1926 

Myxosarcoma 1 

Feldman 1933 

Papilloma 

Glottis multiple, 1 

Tackson 1936 

Reticulum cell sarcoma 

Bone marrow, I 

Plummer 1945 


EMBRYONAL NEPHROMA 

Feldman, who has made the most thor 
ough study of tlie embryonal nephroma, 
states that it originates "as a consequence 
of some congenital mishap from multipo 
tent, undifTerentntcd, nephrogenic cells ” 
The Mriable structure of the tumor from 
dilTcrent animals and even from different 
parts of die same tumor has caused path 
ologists to gi\e It a variety of names su^ as 
adenomyosarcoma, sarcocarcinoma, sarco- 
adenoma, rhabdomyo adenosarcoma and 
adenosarcoma The variation in structure 
IS explainable on the grounds diat the m 
nior IS congenital, it arises from the cells of 


primitive nephrogenic tissue As m most 
fetal rest tumors the rate of growth and 
differentiation of the originating cells is 
variable and one or more types of cells may 
outgrow and displace other types so tliat 
the end results m a number of cases may not 
have much resemblance Since the tumor 
has Its origin m the embryo and develops 
from nephrogenic tissue, the simplest and 
most satisfactory way to name it is to call 
It an embryonal nepliroma This tumor 
seldom affects the health of the animal be 
cause it IS usually unilateral and most hogs 
having It are slaughtered young 

Anatomical Location 

As stated previously the embryonal 
nephroma is the most common tumor of 
swine It IS usually located m the kidney 
but if not m the organ itself, it is 
nearby, either anteriorly or posteriorly The 
incidence is practically the same for both 
sexes Since in most instances the tumor is 
discovered at slaughter, age incidence 
means little This is the more true because 
the tumor at some stage of development 
must be present even at birth 

Gross Appearance 

The tumor generally originates m the 
cortex of the kidney and more often at 
either pole It does not occur at the hilus 
It may consist of a single or a few grayis 
white nodules projecting from tlie surface 
of the kidney or, at the other exteme, con 
sist of a large grayish white lobulated mass 
which displaces most of the organ Da) 
(1907) saw one which weighed 60 pounds 
Large tumors may become cystic, the cysts 
being filled with blood tinged urine or 
blood tinged purulent fluid The larger lu 
mors, which are also the older ones ace 
practically always well encapsulated Tins 
suggests that metastasis should be rare an 
tint is usually the case If it does occur t te 
lung IS the favored site for secondaries 

Microscopic Appearance 

Basically the embryonal nephroma is a 
heterogeneous mixture of tissue elements 
among which connective tissue and epun*^ 
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Fat Necrosis 


Fat necrosis in swme, like intestinal 
emphysema, is practically never recognized 
during die life of die animal It is only at 
necropsy examination in a packing house 
m practice, or at a veterinary college that 
areas of deadi of adipose tissue eidier ex 
ternally or internally are ever seen Even 
the external form may not be seen then 
because the subcutaneous fat is still covered 
by the skin 

Gross Appearance 

\reas of fat necrosis occur in normal 
adipose tissue as sharply defined yellowish 
white to chalky white opaque foci a mil 
hmeter or so m diameter up to irregularly 
shaped patches several centimeters in size 
They are firm like soap U they become 
calcified, diey have a gritty feel 

Microscopic Appearance 

^Vhen adipose tissue dies a clieimcal 
change occurs Lipase splits it into fatty 
aads and glycerine The glycerine being 
soluble is absorbed and removed from the 
area The fatty acids remain at the site and 
assume the form of aacular crystals which 
arc laid down m a hit and miss fashion 
Calcium in die lymph which bidics the 
dead tissue combines with die fatly acn 
lo form calcium soap AVitli the usual Ins- 
tological stain calaum soap has a bluish 
pink granular or homogeneous appearance 
Within the adqwsc tissue cells Calcifiri 
i*on may progress to completion T he a 
fected cells then become cntirclv blue or 
*»avc a margin of blue with i hlunh pinL 
center 


Cause 

Experimental!) iiilerml fat necrosis has 
been produced by inunmtitnig the pan 
creis and die pancreatic duel \Vhcn lilts 
IS done llic protcolstic and lipolylic cn 
zymts escape into the pcriioncal easily The 
protease prohablv allacls the cell iiicni 
branc and permits ihc hpise lo enter anil 
decompose the fal It is presumed ihcn 
that spontaneous fat necrosis in pi^s must 
be pteccilcd by paiiacalic daiinge of some 
kind uhicb permits iinicrcalic juicc lo cs 
cape into tlic body easily uherc it altacks 
tbc peritoneal fat and causes fat nccions 

Tins cxplanalion docs not seem satis 
factory for die cMcrnal or subcnlaiiLOiis 
form of die comlnioii It Ins been foiiml 
tbat comiccliic tissue coillains bolll a jm)- 
icasc and a lipase When conntcliic lissiie 
IS traunialiied ditsc cniymcs iic rcleaicd 
and probably account for the siibcuiancmis 
fat necrosis ssbicli occiiis in ssinic sslicn 
dic) base been bruised some time prior w 

'*Tn China it sirs siiggcilcd that the imiice 
of tbc cniymc ssbicli camel fat nectoni 
migbl be a lipase present in scgclililc mat 
ter fed tbc hogs In Missmni lioi.cscr ni 
an cxliciimcnt m islnch ln„s iscic fed 
lame amounis of soybeans ami pcaiuns 
bolil rieli in bjiaie. no fat nccimii nc 

‘“Inaieasof soudiein United ilalri islirie 
.be kidney mum (itrp/iaiiuim drnlalu.) 
:;rs.....e !. picsalcn. 
domnial fal occuil freiplcild) It is I ir 
uC^l that .be neamii .. ... umc ua, 
IXialcd ».d. d..s I ■ t lunan... n 
rclhaps .nay 
or juiicicanc duel 


•IIUINCZ* 


. ,,,r Ur 

Cmlo* II 0,A^DSa^u>mwl^^C^» Iji,. \IoL ? J**” 

F- 19W T1 c ln(i4 erne of ,553. 
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characterized by small white, fleshy nodules 
in the spleen and sometimes m the liver and 
lymph nodes made up o£ a variety of cells, 
the principal ones being lymphocytes, 
eosinophils, and a few giant cells The con 
dition resembles Hodgkin's disease in roan 
The cause is unknown Because of its lack 
of progressiveness it is probably not a true 
tumor 

MELANOMA 

Melanomas of swine are generally malig 
nani and are primary in the skin They oc 
cur in young pigs are often multiple, and 
metastasize early If the affected animal lives 
long enough, the melanomas become gen 
eralized 


intestinal 

Intcstinil emphysema of swine is a con 
dition found only at necropsy This must 
not be construed to mean that the change 
occurs after death because it does not It 
occurs in apparently healthy living hogs but 
u not detected until Uie animal is slaugh 
icrcd IVhilc discovery is usually made at 
the slaughter house, it occasionally is seen 
also in hogs that are neaopsied m the field 
or in diagnostic laboratories 

Gross Appearance 

Gas filled vesicles varying m sire up to 
about 2 cm in diameter occur in the lym 
pintles of ihc mesentery near the place of 
atnclimcnt to the intestine, and in the lym 
pliatics of the v^all of ihc intestine, pnn 
cipally in the jejunum and ileum The vcsi 
clcs arc solitary or multiple At times they 
arc present m conglomerate masses or 
patches bulging from the surface of the 
serosa \t first the v\all of each vesicle is 
clear or transhiccnL Later the uall becomes 
red from congestion Vesicles m the mucosa 
and subinucosa may project into the lumen 
of tlic intestine 


Pickens (1918) described malignant mel 
anomas which covered several areas of the 
skin on tlie anterior half of the body The 
pig was a 6 to 8 weekold Duroc Caylor 
and Schlottliauer (1926) observed this tu 
mor in the skin of 3 young Durocs The 
primary tumor in one was m the flank re 
gion Metastases were found m the lungs 
liver, kidneys, and in some lymph nodes 
The malignant melanomas studied by 
Davis and by Feldman were likewise pn 
mary in the skin 

The histological appearance of melano- 
sarcoma is familiar to every one who has 
had a course m general pathology, so a de 
scription of it will be omitted here 


mphy sema 

Microscopic Appearonce 

The lymphatics m all layers of the 
imal wall are distended as a result of the 
gas The wall of eacli vesicle in a lymphatic 
consists of an accumulation of macrophages 
many of which have formed multmucleated 
foreign body giant cells containing vacuoles 
where gas was present The surrounding 
connective tissue is infiltrated with lympho- 
cytes and numerous eosinophils 

Cause 

The cause of intestinal emphysema is 
not known In Germany it was believed w 
be due to feeding hogs whey It has been 
suggested that it may be the result of exces- 
sive intestinal fermentation Bicstcr an 
associates (1936) observed it m pigs 
Iowa tint were reared on a ration con 
sisting to large extent of polished rice 
Pigs raised on polished ncc supplcnicntci 
wiUi corn and skim milk had no intesimil 
emphjscma but those fed polislicd rice with 
protein added had the emphysenn the same 
as those fed the ncc alone No conclusion* 
were drawn as to the exact cause of the con 
ditton 
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Preparation for 
Operation 


INSTRUMENT STERIIIZATION 
Proper sterilization of instruments plajs 
an iniegral part m tlie aseptic chain of 
surgery To insure proper sieriliraiion the 
instruments must first be ilioroughly 
cleaned Blood pus, tissue, and other dc 
bris protect pathogenic organisms from be 
ing killed by the \arious stcrihiation pro* 
ccdurcs Thorough cleaning is greatly la 
ciliiated bj >arious commercial detergents 
T liese agents not only fnciliiatc the loosen 
ing of foreign material but also hi\c little 
detrimental cllcci on the instruments them 
scUcs 


used \rlcin iiid Writers (1913) state that 
boiling instruiiienis in n Her for SO iiiintilcs 
uill desiro) Incternl segcntiie forms nin e 
boiliiii: in allalme sialer requires oiils ball 
tint time Addilioii of 2 per cent sodium 
carbonate or 0 I |>cr cent sosliiim Indroxide 
not onl) reduces stcnhration time but also 
dcatiscs the conouve action It is neccs 
sar> 10 note that, altliough boihmj insiru 

,„cnis »* 

bicterial segeialisc forms it ii 
cicnt to dcstro) most bacterial qsotn In 
striiments sterilized b) tins iiiel liosl slioiild 
be Iboroiisbl) cleaned, unlocked and tom 
.detels cosered b, ualer Sie.ibzalioii time 



Chapter 45 PREPARATION FOR OPERATION Arnold and Usenik 507 


humid atmosphere This is because o£ 
tlieir small lung capacity and the la)er of 
fat around their bodies whicii slows tlie 
eliminauon of heat If it is necessar) that 
they be restrained under such conditions 
then It IS advisable to handle the pigs in 
the early morning hours and before die 
temperature rises Always be sure that 
there is adequate ventilation of die quar 
ters in which they are confined This is 
important m cool as well as m hot weather 
When a large group of pigs is being 
handled, it is advantageous to haie a 
smaller pen connected with the mam pen 
Then a small group (not more than 25 or 
30 weanling pigs) can be moved into rcla 
lively small quarters where Uiey can be 
caught more easily It also keeps tlic main 
herd from becoming excited and prevents 
pilinir and overcrowdine whicli may be 


There are man> wa)s of restraining pigs 
Those described here ire cominonl> used 
in die north cenu-al region of ilie United 
States In general it can be said lhat for 
the person who is skilled in die handling 
of pigs dieir restraint seems tas> while to 
one who is not so skillful it appears quite 
difliailL A person holding a smaller pig olf 
the ground by ns fore or hind legs or 
holding 1 lirgc pig bv ns fore legs uidi 
the rump resting on the ground, cm hold 
the pig steadier if he leans or rests against 
some solid object Tiic holder cm use ilie 
sule of die pen die wall or a couple of 
bales of straw This is not so nn|H)runt m 
handling a small numher of pigs as n is a 
group when the holders back is apt 
to become fatigued 

p^Mftiinn Suckhnn PlflS 
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ting instruments as it has no effect on the 
temper of the cutting edges The corrosive 
action of many of the agents used is ehm 
mated by addition of sodium carbonate or 
sodium nitrite The bacteriocidal efficiency 
of most of the agents used m chemical ster 
ilization increases proportionally with the 
temperature of the solution According to 
McCulloch (1916) , solutions maintained at 
100 to 110° F give a more reliable steriliza 
tion than those maintained at room temper 
ature Spaulding (1939) tested various 
agents used m chemical sterilization and 
found that none of the germicides tested 
killed Clostridium tetam spores in less than 
18 hours Instruments should remain in 
chemical sterilizing solutions for at least 
30 minutes to insure destruction of bacte 
rial vegetative forms and for moic tlian 18 
hours to insure destruction of bacterial 
spores The presence of foreign material 
such as blood, pus, feces, and soap on 
contaminated instruments not only lengtii 
cns sterilization time but also will inacti 
vate cationic detergents sucli as benzalko 
mum chloride (Zephiran) Some widely 
used solutions in chemical sterilization aie 
as follows 

Alcohol Formaldch>de solution 
Formaldehyde 37% 130 ml 

Potassium nitrite 0 15 era 

Sodium hydroxide 0 012 cm 

EUiyl alcohol 95% qs l.OOO ml 

Bcnzalkonium chloride solution (Zephinin) 
Benzaikomum chloride 10% 40 ml 

Sodium nitruc 40 era 

Sodium carbonate 40 ^ 

Distilled water qs 1^1 

Bcnzalkonium chloride Alcohol Formaldehyde 
solution 

Bcnzalkonium chloride 10% 1 1 ml 

Isopropyl alcohol OOO ml 

Mctliyl alcohol 70% 72 ml 

Formaldehyde 37% 114 ml 

Sodium nitrite 12 gin 

Sodium carbonate 12 gm 

Disullcd Staler 1 800 ml 

Sterilization of surgical shrouds, towels, 
and sponges can be effected by either the 
steam or dry heat method Allam (1918) 
recommends that i pressure of 15 pounds 
per square incli at 250° F for 30 minutes be 


used for sterilization of textile material If 
a pressure cooker is used, the materials 
should be wrapped in heavy paper as this 
affords a more rapid drying following ster 
ilization The water may also be removed 
from the pressure cooker following stenli 
zation to facilitate drying If additional dry 
mg is necessary, McCulloch (1946) recom 
mends placing the pack m a drying oven at 
230°F McCulloch (1946) also stales that 
overnight baking at a temperature of 244 
to 252° F is sufficient for sterilization of 
clean shrouds 

Surgical gloves can be sterilized in chemi 
cal sterilizing solutions or in an autoclave 
If chemical solutions are used, one should 
remember that the gloves must be free from 
foreign material and must be kept m solu 
tion for at least 30 minutes 

HANDLING AND RESTRAINT 07 PIGS 

Pigs are difficult to drive or put into 
pens The use of panels or gates greatly 
facilitates driving them into pens or smal 
ler enclosures A stick or stockman's cane 
placed near the face of the p>g where xt 
can be seen is useful m turning tlie animal 
The pig can be urged forward by tapping 
or pushing on the rump, however, care 
must be taken not to bruise the pig Slap 
pers” (a strip of belting attached to a 
stick) are much better for driving a group 
of pigs and they do not bruise die pig 

When pigs confined m a hog house or 
enclosed compound become disturbed or 
excited they will try to escape by forcing 
their way through any suitable opening 
where Uiey see any light If a number o 
pigs are penned together for the purpose 
o£ catching, they will frequently aoviu 
ogiinst the sides or walls of die pen to 
avoid being caught The time given to 
examining the wall or fence to make ccr 
tarn that dicy cannot break out is usually 
urac well spent When pigs are pcnnci , 
plenty of good dry bedding should be pto 
vidcd This iiolds down the dust, cleans 
and dries die feet of the pigs, and makes 
for easier handling 

Pigs, especially fat hogs, cannot vMth 
stand much exertion in a hot and/or 
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stretching out much the same as shotvn m 
Figure 45.3 for weanling pigs. If the pig 
can rest its nose on the ground, it cannot be 
held steady by this method. The pig xvill 
use its nose as a brace on the ground and by 
struggling will keep throwing the holder off 
balance. Shoats and the larger pigs are 
caught by standing behind the animal and 
reading over its back to grasp both of the 
front legs, then quickly lifting up in order 
to set the pig on its rump (Fig. 45.4) . Again 
the front legs are brought back by the ears 
to prevent the pig from biting the handler’s 
hands. 

For castration without anesthesia a larger 



pig of this group can be thrown on its side 
by reaching under the pig and grasping the 
front and hind legs on the opposite side. 
The legs are jerked toward tlie handler to 
throw the pig on its side. The handler then 
quickly grasps the two upper legs and step- 
ping behind the pig places his knee in the 
cervical region. The operator then care- 
fully places his knee in the flank region to 
help restrain the pig while castrating. Need- 
less to say, the pig is placed on the left side 
for a right-handed operator and on the 
right side for a left-handed one. 

Troughs can be used for restraining the 
larger shoats for vaccination. The shoat is 
grasped by the front legs and tipped up on 
its rump at which time a second man 
grabs the hind legs and Uie pig is placed in 
a trough. The trough eitlier is built to be 
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held by ilie front legs in the manner used 
for weanling pigs shown in Figure 45.3 

Handling Weanling Pigs 

Weanling pigs can be caught by the hind 
legs and held stretclied out as shown in 
Figure 45 2. The knees are used to restrain 
the thorax of the pig and prevent wriggling 
movements Pigs of this size can also be 
restrained by holding the front legs and 
using the knees to limit movement of die 
body (Fig. 45.3) . However, one must be 
careful to bring the front legs back by the 
ears so that tire hands, especially the 
thumbs, are out of reach of the pig’s mouth 
or the holder may be bitten 


additional half-hitch should be placed 
around the leg distal to the tarsal joint 
This is because of the ease with which ropes 
or chains can slip over the tarsal joint. 
Even when general anesthesia is used it is 
advisable to restrain the front legs by means 
of a rope or chain with an additional half- 
hitch around the leg. Some veterinarians 
have a bar in a trough under which the 
head slips, others put a rope or chain 
dirough the mouth, which assists in re- 
straining the head. 

Handling Shoots 

The means used to restrain shoats will 
depend on the size and strength of the pig 


For more extensive procedures where 
anesthesia is used, the pig can be held or 
suspended by the tarsal joint. If general 
anesthesia is used, this can be given first 
and then tlie pig suspended. Pigs that are 
not held during the procedure may be sus 
pended in a trough or board leaned against 
the svall. A table can also be used. A small 
rope or a cliain is placed around the leg 
above the tarsal or hock joint and then an 


as compared to the size and strength of the 
person handling the pig. The shoats should 
be crowded into a small enclosure to fa- 
cilitate catching. The smaller ones can be 
caught by the hind legs and restrained by 
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height as the pigs snout Then either a 
piece of pipe from 12 to 16 inches long with 
rings welded on eacli end or a singletree is 
placed between the pigs hind legs A piece 
of obstetrical chain or rope is direaded 
through each ring and around tlie hind leg 
on that side of the pig This chain or rope 
IS attached to a block and tackle which is 
anchored to a post at a height of about 6 
feet and the block and tackle tightened to 
stretch the boar A modification of this 
method is to attach the block and tackle 
to a beam above the pig and lift the rear 
end of the pig off the ground This modi 
fication of the method can be used to raise 
larger pigs for hemial operations Some 
times a block and tackle is attached to each 
hind leg and then each block and tackle is 
attaclied to the beam at a different point so 
as to pull the hind legs apart when tight 
ened 

Bullard (1956) gues boars a genera! 
anesUietxc agent until they fall Then a 
rope IS tied to the lower hind leg, brought 
through the mouth, then passed around 
the upper hind leg, and tightened This 
pulls the hind legs fon\ard and out of the 
field of operation for castration Kendnck 
(1954) fastens a rope 4 feet long around 
the left front leg widi a slip knot The 
rope IS then passed to tlic right front leg 
and ancliorcd to it with a half hitch Tlic 
hind legs are treated in tlie same manner 
An assistant holds the rope and, avlien the 
pig falls from anesthesia the rope is tight 
cned to turn the pig on its back Then the 
rope from tlie front legs is passed between 
the hind legs and under the rope atiaciici 
to them The rope from ilic hind legs is 
paised under the ro|>c on tlic front Icp 
and the ropes pulled tigliL This pulls all 
four legs together 

^or cesarean section a pig tain be 
iirctchcd between two posts by means o 
ropes on the front and hind legs Some men 
use a block and tackle to aid in sirciclimg 
«ut tljc pigs The sides of die jicii can also 
be Used for anchoring die legs The up|«r 
hind leg may need to be released when die 
S'ound 1 $ sutured Anodicr way to rcsiram 
I'lgs for cesarean section is to tie diem to a 
gate Tlic wooden gale should hasc oj>cn 


mgs between boards through which ropes 
can be passed All four legs ire tied to the 
gate Ropes are passed around die pigs 
body just anterior to the tuber coxae and 
die hind leg Another rope can be passed 
over the thorax, but care should be taken 
to sec that it is not tight cnougli to inter 
fere with respiration The third loop of 
rope IS placed over the cervical region 
After the pig is restrained the gate can be 
raised to a height convenient to the sur 
gcon by placing it on bales of straw or 
blocks 


ANESTHESIA 
Local Anesthesia 

Infiltration is the most common method 
of producing local anesthesia in pigs It 
consists of injecting an anesthetic agent in 
to the tissues of die area to be ancsihctued 
In dns way die nerve endings and die nerve 
fibers in the area are ancsdietucd Since 
only a local area is involved this i)pe of 
anesthesia can be used on patients which 
would be poor risks if general anesthesia 
were used Local anesthesia is also used for 
minor surgical jiroccdurcs however it is 
not entirely satisfactory m pigs A re 
strained pig tends to continue squealing 
and stni^Img even if pain in the surgical 
area has been abolislicd For that reason 
local anesthesia is often combined with a 
ccneral anesthetic agent which i$ given for 
sedation riicrc is not space in dus chap 
icr to describe die technique of local iiilil 
tration m die various areas In general, it 
can be said of die various parts of the Iwdv 
uall dial the skin » most sensitive Ahnovt 
as semime aic the serous coverings of the 
body cavities sucll as the priclal ikiUo- 

“pr^inc hvdrochloridc in a 2 per ctni 
solution and hexylcainc hydrochloride (Cv 
dainc) in a I jicr cent solution have proved 

slrraclory for lool ancs.hcvu m the p.g 

Epidural An#slhesia 

I-nidural anesthesia n ptwhued hy m 
a hypodermic needle between t o 
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set on tlie ground or is elevated. The front 
legs of the pig are pulled fonvard and held 
back of, or at the level of, the ears to pre- 
\cnt the pig’s biting the holder. The 
hmd legs are pulled in the opposite direc- 
tion. 

Squeeze chutes of various types are used 
to restrain pigs. They are placed at the end 
of a corridor or at a door. Most of liiem 
have an opening much like a stanchion 
through which the pig puts his head in try- 
ing to escape. The stancliion is then closed 
on the pig’s neck. There is a self closing 
stancliion on the market which is popular 
in some areas. 

Various types of mechanical hog holders 
are also used on the larger pigs of this 
group Their canine teeth or tusks are not 
developed to the point where they will pre- 
vent a rope placed over the snout from 
slipping over the teeth, thus releasing the 
pig Devices making use of a cable or wire 
to grasp the end of the snout will hold these 
pigs The cable or wire is passed through 
a pipe, and a loop is formed on the end. 
This loop is placed over the snout back of 
the canine teeth. Then the end of the 
pipe is pressed against the top of the snout 
and the wire or cable tightened. The pig is 
held by^ pressing downward against the 
snout with the pipe, tightening the loop 
around the snout at the same time. Me- 
chanical devices which are round or octag- 


onal in shape and of the proper size to fit 
over tlie end of the snout are sometimes 
used. They are forced backward in the 
mouth until they are behind tlie canine 
teeth and then pulled forward. This places 
upward pressure on the inside of the mouUi 
and downward pressure on tlie outside of 
tlie snout. In other words, the instrument is 
prying on the snout. The mechanical ad- 
vantage of these devices is so great that frac- 
tures of the bones forming the snout have 
resulted from their use. 

Pigs can be cast by using various types of 
casting harnesses. One of these is shown in 
Figure 45 5. The pig is held witli a hog 
holder of the type which has a cable passed 
through a pipe A short piece of chain is 
passed over the medianical holder and 
looped over tlie snout. Anotlier of 

chain IS fastened above the tarsal joint. A 
rope is passed from the chain around the 
snout through the drain fastened to the 
leg and back through a ring oa the chain 
around the snout. The rope is then quickly 
tightened, pulling in the direction indicated 
in Figure 45.5, while at the same time the 
handler’s knee is thrust into the pig’s flank 
to throw it off balance. The rope is tied 
to the hind leg after the pig has been cast. 

Another method of restraining large hogs 
is the one devised by Alcorn of Iowa (1953) 
or a modification of it. The boar is first 
snubbed to a solid post at about the same 



FIG. 45 5 — Use of o modi- 
fied casting harness tor 
casting a pig. 
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regular and abdominal m type The scnsi 
uvity of tlie skin now begins to disappear 
It disappears first m die abdominal legion 
and then m other regions of die body The 
skin of the back and the coronary band are 
the last areas of the skin to lose their scnsi 
tivity \Vhen these signs are present, the pig 
IS m the plane of the surgical stage of anes 
thesia where major surgery can be per 
formed During the recovery stage the sen 
sitivity returns first in die coronary band 
and m the skin of die back Tiie scnsitiMiy 
of die rest of the skin gradually returns as 
do the other signs in the re\erse order of 
their disappearance 

anesthetic agents 

Thiopental Sodium, U S P (Pcntolhal 
sodium, Thiopentone sodium, Leopcntal) 

Thiopental is a short acting duobirbiiu 
rtle In pigs Muhrer (19 j 0) reported 
anesthesia listing from 1 to 70 minutes, 
Jacobsen (1955) reported rccoscry m 
about SO minutes 

Thiopental sodium is asaihbic comnicr 
cially m ampules is a crysnllmc ponder 
InifTcrcd isidi anhydrous sodium cirboniic 
U IS readily soluble in i\atcr but is unstable 
tn aqueous solution or when die powder 
IS exposed to moisture of any i) pc including 
that in die air From his studies on the 
stibiliiy of tliiopcntil sodium, Robinson 
(1917) recommended that my unused solu 
tioii sliould be kept no longer tlim 3 days 
at room tcmpcniurcs of 0 1 to 7 1 ° F (1 3 to 
or no longer than 7 days at 11 lo 
^2® F (5 to G® C) If turbidity occurs be 
fotc ditse cxpiniion times tlie solution 
should be discarded The solution siill has 
ancsifichc iciinn but the concentration »» 
Jcctcascd making it difTiaiU to csnmaic 
‘ ouj>e Thus solutions of this drug arc 
'''^’t^tally mixed immediately Ixforc au 
'tutusiratinn 


The instability of the aqueous s^luiioii 
of thiopental sodium nukes it desinblc to 
cstinntc nthcr closely ilic tlosi^^c of the 
dnig nettled so tint llic proper amount will 
be a\ iilablc I he estinnicd dosage \arics 
somewhat with diilercnt authors as docs die 


speed of in|crtJon 

^^uhre^ O^jO) eilcnhtcd die minmnl 
surgical dosa,,c on ‘'fi pigs of various weights 
(Table Jj 1) Diebl and \\ e„sclicidcr 
(19 d 6) reported on the use of ilnojiental 
sodium on ISO pigs Their dosi^c ranged 
from 4 5 mg/Ib (0 0 ml of a 5 per cent 
solution per 10 lb of body weight) m pi^s 
weighing slightly over 100 Ib to I 3 ing/lb 
(0S6 mi of a a per cent solution per 10 lb 
of bods weight) in pigs weighing 550 lb 
Jicobscii (1955) niscs the aniotiiu of thio 
pcntal sodium to have in the syringe to in 
sure hiMiig enough rather linn the 
imoiiiu used Tor large pigs he hail ') 
iiig/lb in die syringe, and for small pi„s 
he had 13Giug/Jbav iilabic 

Ihc intnpcritoneal route of administri 
tion IS little used for ihio|scntal sodium 
Clover (1955) reported inronintcni remits 
when du. drug w is given mirapcritoticall) 
while [icobtcn (I9a5) found it ihllicuU to 
control dit level of ancvthcvia and alw 
found dut the time clapmig between lujcc 


tion and ancsihcsi i was uncertain 

Ihc iccluuqiic of aJminntenng ihu>- 
iKiital sodium vanes with the diifcrcni 
iulhor,. Muh.cr (19.0) .n<ICIo>rr (!'• '), 
iicomincm! si'ins one lull «( lie tjliii 
laltJ i!i»c IJitli rj|i I'ly to ,1 lu I iintniue 
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canal The solution bathes the spinal 
nerves ivhich have emerged from tlie dura 
and produces anesthesia in die areas sup 
plied wholly by the nerves anesthetized 
Epidural anesthesia is used for anesthesia of 
the perineal, inguinal, and abdominal re 
gions 

Location of the anatomical position for 
insertion of the needle for epidural 
anesthesia is more difficult in swine tlian 
m most other species This is due to the 
layer of fat which co\ers the dorsal spines 
of the vertebrae The site for injection used 
m swine is the lumbosacral space (Frank, 
1953 Wright 1939) If the site cannot be 
palpated Frank (1953) recommends draw 
ing an imaginary line connecting the ante 
nor borders of the wings of the ilia The 
junction of this line with the dorsal mid 
line crosses over the center of the last lum 
bar vertebra (Wright 1939) Frank (1953) 
inserts the needle about 2v^inches posterior 
to landmark located by drawing the imagi 
nary lines m an average size pig The 
needle is directed ventrally and anteriorly 
at an angle of about 45® Wright (1939) 
inserts the needle directly posterior to the 
dorsal spine of the last lumbar vertebra 
found by use of the imaginary line, and 
directs the needle in a ventral and poste 
nor direction to enter the vertebral canal 
The dosage that Frank (1953) recommends 
IS 1 ml of a 2 per cent solution of procaine 
hydrochloride to 10 pounds of body weight 
If the surgical area is posterior to the pen 
toneal cavity, the dosage can be reduced 

General Anesthesia 

In the production of general anesthesia 
die anesthetic agent is carried by the blood 
stream into contact with the various com 
ponents of the nervous system The physi 
cal and chemical characteristics of these 
agents determine which route or routes can 
be used for their administration The 
routes which can be used to introduce 
anesthetic agents into die blood stream are 
intravenous inhalation, mtraperitoneal, m 
traplcural, and gastrointestinal Inirave 
nous, inlialation and mtrapentonea! 
routes are most widely used for general 
anesthesia m suine 


Each route of administration has its ad 
vantages and disadvantages which may vary 
according to tlie agent used When the m 
travenous route is used, the drug is injected 
into either the anterior vena cava or one 
of die ear veins For the teclinique of enter 
ing these veins the reader is referred to 
Chapter 48 The intravenous route re 
quires die best restraint of die three 
methods as the needle must be kept in the 
vein for a period of time The inhalation 
route requires good restraint but more 
movement can be tolerated than with the 
intravenous route The mtraperitoneal in 
jection of anesthetic agents in the smaller 
pigs IS not difficult The pig is held by 
the hind legs with die head down and ab 
domen toward tlie person miking the m 
jection as shown m Figure 45 3 The in 
jeciion IS made on the lateroventral part of 
the abdomen above the level of the urabili 
cus This 15 to avoid the bladder in females 
and the bladder and prepuce in males The 
onset of anesthesia varies and the depth of 
anesthesia is inconsistent when anesthetic 
agents are administered mtrapentoneally 
The signs of the various stages of 
anesthesia which are seen in the pig vary 
with the route of administration If the m 
travenous route is used, they vary with the 
speed of administration When the 
peritoneal route is used, the struggling and 
excitement that often occur during die 
second or delirium stage of anesthesia are 
seldom seen In the administration of 
anesthetic agents by the intravenous route 
It IS best to pass through the stage of de 
linum rather rapidly and then continue 
slowly to effect In most instances it is 
difficult to observe the eye of the pig fo*" 
signs of anesthesia because of its location m 
the head and tlie shielding position of die 
large ears Thus more attention is paid to 
otlier signs The first sign of leaving die 
stage of delirium and entering the begin 
ntng of plane 1 of the third stage or the 
stage of surgical anesdicsia in a standing 
pig IS swaying on die hind legs Tins indi 
cates the beginning of motor paraljs** 
which extends to the front legs and die res 
of the body As the stage of surgical ancs 
thcsia IS entered, the respiration becomes 
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under restraint The operative site was 
then prepared and infiltrated with a local 
anesthetic agent By the time the local in 
filtration was completed the sow was re 
covering from the general anesthesia De- 
pression of fetal respiration was not ob 
served 

Thiamylal sodium is a good anesthetic 
for short surgical procedures on pigs It is 
relatively safe and has a smooth period of 
recovery 

Pentobarbital Sodium, U S P (Nembutal 
sodium, Halatal, Somnopentyl,Narcoren 

Narcoven) 

Pentobarbital sodium is classified as a 
short acting member of the barbiturate 
group It IS longer acting than either thio- 
pental sodium or thiamylal sodium Com 
niercial solutions which are very stable are 
readily available in approximately 6 per 
cent solutions Nestman (1954) reported 
anesthesia of 45 to 60 minutes duration 
and recovery in 5 to 6 hours when admin 
Ktered intravenously Kernkamp (1939) 
reported recovery from anesthesia in 60 to 
90 minutes The difference in recovery 
hme could be explained by the difference 
‘n sue of the pigs and the depth of 
anesthesia obtained Dosages recommended 

y the different authors are given m Table 
45 2 

The margin of safety with pentobarbital 
^dium decreases with increase in weight 
of Uie pig It IS a fairly safe ancstliciic 
^gcnt m small pigs but the margin of safety 
ocaeases gready from 100 lb up to the 
J'gher weights The procedure generally 

ollowcd m large swine is to inject enough 
® the dnig to cause a standing pig to fall 


The pig IS then restrained by tv mg its legs 
If necessary die general anesthesia is sup 
plemcnted with local infiltration of a suit 
able agent In other words pentobarbital 
sodium IS not given to effect in large pigs 
For smaller sows not more than 10 ml is 
injected larger sows should not receive 
more than 12 lo ml depending on their 
sue Likewise large boars should not re 
ceive more than 18 ‘’0 ml (Bullard lOoG) 
of the solution If pentobarbital sodium is 
given to produce surgical anesthesia m these 
large pigs the danger of respiratory failure 
IS great and the recovery period may be 10 
to 12 hours or longer Some of the animals 
may die during die long recovery period 
The rate of injection for the adimnistra 
lion of pentobarbital sodium should be 
about 5 ml per minute according to kern 
kamp (1939) Wright (1939) rccom 
mended injecting over a period of 3 to 4 


minutes 

W hen administered intraperitonealiy 
pemobarbinl sodium is guen at the me ot 
13 mg/lb or I ml of a 6 a per cent solution 
per 5 lb of bod>u eight (Kcrnlamp 193S) 
Recovery from anesthesia is seldom less 
than I hour from the tune of onset when 
this route is uved according to kemlamp 
(1939) 


Chloral Hydrate, U S P 

Chloral hydrate used mtravcnoiisl) pro- 
, luces anesthesia lasting from 30 lo CO min 
rslatlcr 1918 Hajer 19j3) The rc- 
rovera penod is about 3 hours (Marcn 
Hariog 1933) U hen the intra 
’’"rn^m mute IS used the tune between 
micction and the onset 


thcsia 


"t la minutes the duration of 


TVBLC 45.2 J \M-sn 
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the excitement period and then give the 
remainder slowly Administration is stop 
ped when surgical anesthesia is obtained 
Jacobsen (1955), as stated above, dilutes 
the estimated dose o£ thiopental sodium 
with about 20 ml o£ water He injects 1 
ml and ivaits 1 minute to observe the re 
action to the drug Then i£ no idiosyncrasy 
is noted he injects 1 ml every minute 
until the pig falls He waits 1 minute be- 
fore resuming injection and then continues 
at the same rate until surgical anesthesia is 
obtained 

The effect of thiopental sodium on the 
circulatory and respiratory systems of pigs 
varies wiA the dosage and the rate of ad 
ministration Jacobsen (1955) found that 
the drug had a marked depressant action 
on the respiratory system which was direct 
ly proportional to the size of the dose and 
the rapidity of injection A fast injection 
resulted in a fall in blood pressure Muh 
rer (1950) found that respiration was af 
fected before the pulse rate and that respir 
atory failure preceded cardiac failure 

Dreisbach and Snyder (1943) found that 
thiopental sodium decreased fetal respir 
atory movemenu in rabbits at about the 
same rate as pentobarbital sodium, but be 
cause of the shorter duration of anesthesia 
in the dam the effect was shorter in 
duration 

Thiopental sodium is a good anesthetic 
for use in surgical procedures of short 
durauon More of the drug can be admin 
istered for a longer period of anesthesia, 
but since it localizes in the adipose tissue 
(Brodie et al, 1952), the recovery period 
will be long when a large amount of the 
drug IS given It is a relatively safe 
anesthetic agent since respiration fails first 
and, if artificial respirauon is insututed at 
tliat point, the losses will be few However, 
It IS not as convenient to use as some other 
anesthetics because of its instability m solu 
tion and expense as compared to other 
barbiturates 

Thiamylal Sodium 

Thiamjlal sodium is a member of the 
thiobarbitunte group and is classified as 


an ultra short acting anesthetic agent 
Dunne and Benbrook (1954) reported that 
in swine it produced anesthesia which lasted 
approximately 10 to 12 minutes When 
clinical doses were used, the animals were 
able to stand m 30 to 40 minutes 

The drug, according to Dunne and Ben 
brook (1954), had no apparent effect on 
the circulatory system and moderate effect 
on the respiratory system when clinical 
doses were used 

Thiamylal sodium is available commer 
cially as a powder buffered with sodium 
carbonate in sealed ampules A 4 per cent 
solution IS the concentration usually ad 
ministered to swine Lumb and Armistead 
(1952) found that a 4 per cent solution re 
tamed its potency up to 14 days at room 
temperature Innes (1956) reported that 
a 4 per cent stock solution retained its 
potency for at least 7 days It appears that 
a sterile solution of 4 per cent thiamylal 
sodium solution can safely be stored for at 
least a week and perhaps 2 weeks at room 
temperature 

Thiamylal sodium can be administered 
by either the intravenous or the intraperi 
toneal route Dunne and Benbrook (1954) 
found the dosage to be the same by both 
routes They reported the dosage to be 
8 mg/lb or 1 ml of a 4 per cent solution 
per 5 lb of body weight This dosage was 
based on anesthetizing over 200 pigs weigh 
mg from 25 to 70 lb They administered 
the drug intravenously by injecting rapidly 
to within I ml of the estimated anesthetic 
dose The effect was noted and the re 
raainder given slowly until surgical 
anesthesia was obtained When the intra 
peritoneal route was used, they injected tlie 
drug and if there was no sign of anesthesia 
m 5 minutes a second injection was made 
using one third of tlie original dose If dus 
did not produce the necessary results, sup- 
plementary amounts were given by the m 
travenous route 

Higbec (1956) used thiamylal sodium m 
cesarean sections He injected 0 5 gni 
rapidly via the intravenous route to sows 
weighing from 300 to 500 lb When the sovv 
dropped the legs were tied as describe 
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larities, many of which occurred during the 
induction of anesthesia The full signifi 
cance of these irregularities is not known 
at the present time However, it indicates 
tile potential danger if the administration 
IS not carefully regulated to prevent over 
dosage 

Bo)d and Kernkamp (1940) used chloro 
form in the castration of boars The pig 
was snubbed to a post by means of a rope 
placed around the snout A section of 
burlap was wound lightl) around the jaws 
and fastened with a small rope or bandage 
Then the drop method of adminisiering 
cliloroform was used Kendrick (1954) 
placed a feed bag over the snout instead of 
the burlap Some veterinarians in the nortli 
central region of the United States have 
found that a mask made of heavy wool 
fashioned to fit over the pigs snout gives 
more satisfactory results 

\ccording to Boyd and Kemkimp 
(1940), the first sign of anesthesia is the 
swaying of the body followed by the 
animal s falling on its side The mask is 
then removed unless the pig needs more 
chloroform The ordinary boar requires 
about 60 ml (2 oz ) of cliloroform 

There are some precautions which should 
be taken m the use of chloroform on pigs 
The pig should be restrained so ts to mini 
mizc movement during the excitement and 
delirium stage Chloroform should not be 
given outside on a windy dav as it is diffi 
cull to achieve a high enough conccntniion 
m the pig for anesthesia V pig is some 
tmics anesthetized but does not fall be 
cause Its feet ire braced in siicli a wav that 
tope on die snout holds the pig up 
* nus any pig that stops struggling during 

*c administration of chloroform should Ikt 
R iven 1 shove on the rear quarters to see if 
vvill fall Such a pis if not tested, could 


PREPARATION OF THE OPERATIVE SITE 
The bacterial flora of the skin is com 
posed of two types, resident and u-ansicnt 
(Price 1938) The resident bacteria ire 
firmly attached to the skin and are also 
located in the hair follicles, sebaceous 
glands and sweat glands Removal of all 
lesident bacteria is almost impossible 
Transient bacteria varv tremendously in 
number and species depending on the 
animals environment They are found in 
greatest numbers about the feet axillary 
inguinal and perineal regions Thev nnv 
include botJi saprophytic and pathogenic 
species In the pig \rmistcad (1956) was 
able to isolate SlapInlococcus tiuretu from 
onlv one animal in four from a previously 
prepared and disinfected skin area Hou 
ever one sliould not turn out pigs vutli ojx.n 
surgical wourds into a grosslv contaminated 
hog lot or pen The pigs should be tumid 
into a clean pen with new bedding or a 
clean grass lot 

Following the restraint of the liog the 
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anesthesia about 90 minutes, and the re- 
covery period about 2l4 hours according to 
Klarenbeek and Hartog (1938) . 

The average intravenous dose recom- 
mended b> diflerent authors is given in 
Table 45.3. 

Slatter administered chloral hydrate solu- 
tion intravenously by means of a simple 
gravity unit until the pig fell and tlten con- 
tinued until he obtained the desired effect. 
Prugelhof (1954) carefully estimated the 
dosage and then slowly injected the drug 
with a syringe until the desired stage of 
anesthesia was readied. Bajez (1953) in- 
jected diloral hydrate solution in fractional 
doses. He injected 5 ml. of the 40-50 per 
cent solution, waited 5 seconds, and then 
injected 5 ml. more. He continued at this 
rate until the pig lost control of its hind 
legs and fell. If necessary, he continued ad- 
ministration at the same rate until the 
proper stage of anesthesia had been readied. 
Bajez (1933) has given this drug to 800 pigs 
in this manner without a fatality. 

When the intraperitoneal route of ad- 
ininistration is employed, a 5 per cent solu- 
tion of chloral hydrate is commonly used 
Klarenbeek and Hartog (1938) starved the 
pig for 21 hours before administering tlie 
anesthetic agent The dosage used was 113- 
IM mg/lb (2 2-3.0 ml. of a 5 per cent solu- 
tion per pound of body weight). They 
seemed to prefer the larger dosage most of 
die time. Hassler (1952) used 113 mg/lb, 
or 2.2 ml. of a 5 per cent solution, as the 
dose mirapcritoncally. There is some ques- 
tion as to the amount of innammation 
caused by die ddoral hydrate solutions In 
the peritoneal cavity. Klarenbeek and Har- 
tog (1938) stated that the injection caused 


a mild inflammation which was of no con- 
sequence. Hassler (1952) stated that 10 of 
84 pigs injected in this manner died, most 
often a month or more following surgery. 
He was not able to examine any of the pigs 
after death but believed that death was due 
to peritonitis produced by the chloral hy- 
drate. 

Chloral hydrate given intravenously to 
large pigs appears to be a fairly safe anes- 
thetic agent. When the slower mediods of 
administration with die less concentrated 
solutions are used, the animal must be well 
restrained. 

The intraperitoneal route is the one most 
used in small pigs The anesdiesia is fairly 
satisfactory if the dosage is correedy cal- 
culated. However, the possibility of peri- 
tonitis detracts from its usefulness. 

Chloroform, U.S.P. 

Chloroform is the drug most widely used 
for inhalation anesthesia of swine in this 
country. A few practitioners use ether, but 
it requires a special mask unless induction 
is made with some other agent. Chloro- 
form has been used for short surgical pr(> 
cedures such as the castration of boars and 
in longer procedures such as cesarean sec- 
tions in sows. Chloroform has the ad- 
vantage of a short period of excitement and 
quick recovery. However, die administra- 
tion must be carefully watched as it affects 
die heart before it affects the respiratory 
center and may cause death by various car- 
diac irregularities, including ventriailar 
fibrillation. Stovs-e and Hammond (I9 j 4) 
ran electrocardiograms on 18 pip 
chloroform as a general anesthetic agent- 
Twelve of these pigs showed cardiac irregu- 


„ , table 45 3 

HtCOU«t.M)EO IviRA>»AOl.-J DoSACK OF CliLORAI. IlVDItAT£ SoLUTIOM TO I’kODUCE AnESTIIESIA W 1*»« 
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IbiM (1953) 

220 lb 
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50 
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gical area This tends to wash the bacteria 
aua) from tlte incision The alcohol is 
then allow eel to air dry, and a 2 per cent 
tincture of iodine is applied in a similar 
manner 

PREPARATION OF THE SURGEON 

One of the weaker links in the chain of 
asepsis IS the preparation of the surgeon 
The fingernails should be trimmed short 
and the nails and cuticles cleaned The 
hands and arms should be scrubbed briskly 
witli soap and rinsed with clean water for 7 
minutes A 3 minute scrub with tincture of 
Zephiran or 70 per cent alcohol follows 
Many practitioners use the 3 to 5 minute 
scrub with hexachlorophene-detergent 
Price (1950) has shown that if hexachloro 


phene detergent is used seseral times a day 
for 4 or more consecutive days, the resident 
bacterial flora is reduced to 5 per cent of its 
original number The low flora will be 
maintained as long as the hexaclilorophene 
determent is used faithfully However, as 
soon as it is discontinued, the flora again 
will become re established A single scrub 
with hexachlorophene detergent has no 
more rapid germicidal effect than ordinary 
soap 

Following preparation of the surgeons 
hands and arms, sterile gloves are donned 
Surgical gloves not only protect tlie animal 
from bacterial contamination from the sur 
geon’s hands but also protect tlie surgeon 
when performing a grossly contaminaung 
procedure 
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CHAPTER 46 


J F BULLARD, D V M , MS 
Purdue Umverstty 


Operations Involving the Testicle 
and Inguinal Canal 


There probably are no areas of die animal 
body m which more surgery is performed 
than in the scrotal and inguinal regions 
This IS particularly true with swine due 
mainly to the large numbers castrated In 
addition, there are many that are affected 
With pathological conditions requinng 
surgery, such as cryptorchidism scirrhous 
cord, and scrotal hernia 

The description of tliese operations will 
be confined almost entirely to the actual 
operative procedures The causes pre 
surgical preparation, anestliesia, and after 
care will be discussed only briefly as these 
topics are considered in another chapter 

CASTRATION 

The object of the operation is to destroy 
the function of the testicle It may be ac 
comphshed in two different ways In one 
method the blood supply to die testicle is 
actually destroyed with a resulting atrophy, 
this mediod is not practical to apply to 
si'ine The other is surgical removal 

E'ery operator has some particular 
leclinique of his own clioice ivhicli he uses 
during the course of the operation He 
has in mind such dungs as size and loca 
tion of die initial inasion, die extent to 
'vlucli It penetrates die tissues, and die 
Icngili of die cord The amount of lumc 
remo\ed will also \ary Likeuise, die age 
of the animal has an important bearing 
oil ihc procedure diat he 'vill folloi' 


With our present day mediods of suinc 
management, pracucilly all of our swmc 
are castrated as small pigs from a few dajs 
of age up to the age of weaning It is ad 
visable to examine diesc small pigs for die 
presence of existing hernias and crypt 
orchidism When castrating a large number 
at one time, those afflicted widi these con 
dmons should be put aside and operated 
separately Thus the routine for castrating 
large numbers will not be disrupted 
Restraint when castrating small pigs is 
not a serious problem although ii is im 
poriani to have diem properly confined 
Methods for restraint are described in tie 


tail in Chapter 15 

The incision is made o\cr the testicle 
on die somewhat distended scrotum This 
distension is produced by plaang die 
band in front of the scrotum and then 
exerting a pushing back movement while 
pinclimg tiie lliurab and forefinger 

rius raises the scrotum slightly and facili 
tales making the incision The incision i$ 
earned dirough all structures into die 
testicular tissue This causes the icsticlc 
to pop out dirough the incision in the 
unic After discarding die scalpel, die 
cstide 1 $ grasped and pulled or twisted in 
,uch a manner that the cord will separate 
tFics 10 1 and 16 2) 

This method frequendy docs not remove 
inv apprcaable amount of tunic along 
vidi the testicle, m small pigs n “ 


£601) 
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and with a downward tlirust the cord is 
severed. No further dissection is done, in 
most cases healing is uneventful. However, 
if some unforeseen condition should occur, 
such as prolapse or excessive hemorrhage, 
it would be much easier to correct these 
conditions if the boar were under general 
anestliesia and in a recumbent position. 

After castration, swine should be exam- 
ined frequently, especially in fly season. Re- 
pellents should be used when necessary 
Adequate shelter should be provided. Spe- 
cific individual treatment is seldom re- 
quired. 


CRYPTORCHID CASTRATION 

Cryptorchidism is defined as a develop- 
mental defect in whidi tlie testicles fail to 
descend, and remain within the abdomen 
or inguinal canal. True cryptorchidism, 
therefore, is tlie condition in which both 
testicles are undescended, while monorchid- 
ism applies to a unilateral retention or ab- 
sence. 

These terms are used rather loosely, and 
to most people cryptorchidism means one 
or botli testicles retained, and cr>ptorclud 
castration likewise refers to castration which 
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so important to remove this tunic. If re* 
moved, it is dissected with scissors. After 
the testicle is removed, one often observes 
a small incision. In small pigs it is usually 
not necessary to enlarge it as it would be 
in older animals. It is better, however, to 
have a fairly large incision to provide good 
drainage, even in small pigs. It is easily 
enlarged with scissors. 

Another procedure that is very satisfac- 
tory starts as described above, but deviates 
in that the initial incision is made down 
only to the outer or parietal tunic. At this 
point, with the thumb and fingers one can 
easily force the testicle, with its outer tunic 
still intact, through tlie skin incision. If 
one grasps the testicle and applies moder- 
ate traction, at the same time pressing 
down on the scrotum with the other hand, 
the testicle will be elevated sufficiently so 
that the entire cord and tunic can be 
crushed and severed (Fig. 46.3). This so- 
called "covered type” of castration might 
seem to one who has not done it to take 
too much time. With some practice, how- 
ever, it is as rapid as the other method 
and eliminates the after-dissection of the 
tunic since the tunic is removed in its 
entirely with the testicle. The incision may 
be enlarged as before. 

In the case of barrows for show pur- 
poses, some owners prefer to have their 
pigs castrated "low” to avoid visible scars. 
The only point necessary to consider here 
is the location of the incision. All other 
procedures are the same. The incision is 
usually made slightly anterior to the point 
where the scrotum is reflected onto the 
abdominal wall (Fig. 46.4). In this po- 
sition, the scars will be between the legs 
and will not be seen. If pigs are castrated 
properly, even high on the scrotum, the 
scars tliat remain are rather difficult to see 
and do not distract from the appearance 
in any manner. 

When castrating large boars, one of the 
most important points to consider is re- 
straint. It is often said tliat good anesthesia 
is one of our best types of restraint, and 
tills certainly is true when castrating large 
boars. With the proper use and application 


of general anestliesia, one can carry out 
carefully and completely all the necessary 
steps in this or any other operation. Anes- 
thetized animals make it much easier to do 
top-grade surgery. Here the veterinarian has 
the opportunity to demonstrate his skill and 
training (sec Chapter 45) . 

The skin of the scrotum is very thick and 
tough, making it difficult to incise. If in- 
cisions are bilateral, it is often advantageous 
to make a small puncture wound through 
the tough scrotum. A probe-pointed bis- 
toury is inserted, and the skin is incised 
from the inside out. The midline incision 
is much more desirable as the skin is not 
nearly so thick, and a regular incision can 
be made easily (Fig. 46.5) . 

The tunic in large boars is closely adher- 
ent to the scrotum over a considerable area. 
It takes some dissection at this point to free 
the testicle wiili its tunic intact if one is to 
do the closed operation (Fig. 46.6) . After 
isolating these structures, the cord can be 
followed easily towards the internal ring, 
at which point Uie cord is crushed and sev- 
ered with the emasculator (Fig. 46.7) . After 
both testicles have been removed, the sep* 
turn is dissected, and the incision enlarged, 
if necessary to provide drainage. 

The most commonly practiced method of 
castration in boars is one in which the in- 
itial incision is carried all the way into the 
testicular tissue at one time. It should be 
noted that, if this method is used, tliere 
will be a reflection of the heavy tunic from 
the testicle. Removal of the tunic is ac- 
complished by dissection with scissors. How- 
ever, it is usually more difficult to remove 
it by this technique than when it is remo\ eo 
with the testicle in the covered operation. 

The operation may be greatly simplih^- 
One method is to snub the boar to 'the side 
of a fence. A supporting rope is tied to the 
top of the fence. It is passed under the boar 
just in front of the hind legs, tlien brought 
back up, and again tied to the fence top. 
It is adjusted so tliat it prevents the anima 
from going down in the hind quarters. T"0 
bold incisions are made over eaclr side an 
deep enough to enter the testiailar tissue. 
Each testicle in turn is grasped secure >, 
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be grasped with forceps, nicked and opened 
with scissors The retained testicle is found 
frequently m tins area However, it may 
require a careful and prolonged search with 
the fingers If one is successful, he first must 
be able to recognize all anatomical struc 
tures such as the gubernaculum testis 
epididymus, and cord 
The testicle, after being located, is 
brought through the ring The cord is 
ligated, after which a crushing forcep or 
clamp may be applied The cord is then 
separated In small pigs it is usually suffi 
cient merely to crush and separate the cord 
A sufficient number of mattress or interrupt 
ed sutures are placed in the ring to close 
It properly Any one of several suture ma 
terials may be used, such as linen, cotton 
silk, nylon, gut, or cable wire Umbilical 
tape is also a very reliable material It is 
more often used in larger hogs 
The remainder of the abdominal wall 
may be closed by using a subcuticular su 
ture, in order to obliterate any cavity for 
mation This is accomplished by using a 
continuous suture whicli brings the subcu 
taneous layers into apposition Tlie ne\t 
step IS to suture the skin Interrupted or 
mattress sutures work very well A through 
and through including the subcutaneous 
tissues and skin may be substituted saiisfac 
torily after the ring has been closed 
The methods described for closing the 
abdominal wall will result in an early 


healing process Some operators prefer to 
do no more suturing after the inguinal 
nng has been closed If this is all Uiat is 
done, tlie area becomes secondarily m 
fected, and some subcutaneous sloughing 
occurs It IS usually slight and is soon fol 
lowed by granulations Healing eventu 
ally takes place, and the final results are 
satisfactory Advocates of tins technique 
argue that the extra scar tissue formed as 
a result of infection gives added support 
to the area This particular statement is 
especially true m the case of umbilical 
hernias 

Johnston (1956) describes i technique 
for cryptorchidectomy m pigs which is very 
similar to the method ;ust described It 
differs mainly in the location of the ab 
dominal incision He starts it about an 
inch below the external inguinal ring and 
extends it downward for approximately 1 
to li/t inches 

AnotJier locauon of approach that has 
been employed rather fiequently by the 
autiior IS m the paralumbar fossa or Hank 
A standard laparotomy is done, making all 
incisions through the various structures in 
the same plane This is done to facilitate 
the closing of tlie incision after the re 
moval of the testicle 

Frequently, if the various muscle lajcrs 
are separated parallel to their fibers, it may 
be difficult to remove the testicle as such 
a method does not ordimriJy allow a very 
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may be umlaieral or bilateral. The correct 
medical term, cryptorchidectomy, is sel* 
dom used, especially in this country. 

As ^vllh routine castration, cryptorchid 
castiation is more satisfactorily performed 
when the pigs are rclati\cly small. Pigs with 
an a\erage weight of 30 to 10 pounds arc 
of an ideal size for operation. 

The surgical approacli may be made in 
different anatomical locations, such as the 
inguinal region or the paralumbar fossa, 
or flank Often it is necessary’ to operate 
only one side when the flank approach is 
elected, even if both testicles are retained 


The operative area selected will depend 
u])Oii the choice of the operator. The oper- 
ation can be done satisfactorily under local 
infiltration anesthesia. 

If the inguinal approach is selected, an 
incision 2 to 3 inches long is made over the 
internal ring An incision of this length is 
usually suflicient to expose the ring, espe- 
cially after some blunt dissection has been 
done. 

.\t this stage a careful examination 
should be m.adc to determine if the testicle 
is inguinal in position. If not, tlie perito- 
neum is ruptured uith die fingers, or it may 
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be grasped with forceps, nicked and opened 
With sassors The retained testicle is found 
frequently in this area Howe\er it may 
require a careful and prolonged search with 
the fingers If one is successful he first must 
be able to recognize all anatomical struc 
tures such as the gubemaculum testis 
epididymus, and cord 
The testicle, after being located, is 
brought through the ring The cord is 
ligated after which a crushing forcep or 
clamp may be applied The cord is then 
separated In small pigs it is usually suffi 
cient merely to crush and separate the cord 
A sufficient number of mattress or interrupt 
ed sutures are placed in the ring to close 
It properly Any one of several suture ma 
terials may be used, such as linen cotton 
Silk, nylon gut or cable wire Umbilical 
tape IS also a very reliable material It is 
more often used in larger hogs 
The remainder of the abdominal tvall 
may be closed by using a subcuucular su 
ture, m order to obliterate any cavity for 
mation This is accomplished by using a 
continuous suture which brings the subcu 
taneous layers into apposition The ne\t 
step IS to suture the skin Interrupted or 
mattress sutures work very well A tlirough 
and through including the subcutaneous 
tissues and skin may be substituted satisfac 
torily after the ring has been closed 

The methods described for closing the 
abdominal wall will result in an early 


healing process Some operators prefer to 
do no more suturmg after the inguinal 
ring has been closed If this is all that is 
done the area becomes secondarily m 
fected and some subcutaneous sloughing 
occurs It is usually slight and is soon £ol 
lotved by granulations Healing eventu 
ally takes place and the final results are 
satisfactory Advocates of this technique 
aigue that the e\.cra scar tissue formed as 
a result of infection gives added support 
to die area This particular statement is 
especially true m the case of umbilical 
hernias 

Johnston (1956) describes a technique 
for cryptorcliidectomy in pigs which is very 
similar to the method just described It 
differs mainly in die location of the ab 
dominal incision He starts it about an 
inch below the external inguinal ring and 
extends it downward for approximately I 
to 1*4 inches 

Another locauon of approach diat has 
been employed rather frequently by the 
author is in the paralumbar fossa or flank 
A standard laparotomy is done making all 
incisions through the various structures in 
the same plane This is done to ficihtate 
the closing of the incision after die re 
moval of the testicle 

Frequently if the various muscle lajers 
are separated parallel to their fibers, it may 
be difficult to remove die testicle as sudi 
a method does not ordinanly allow a very 
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removed leaving clean oper 
olive wound requiring no 
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large opening in the wall Also, witli tins 
technique, the peritoneum is more likely 
to be incised in an irregular manner, and 
It IS difficult to bring tlie incision into 
proper apposition 

The retained testicle often will be pal 
paled immediately tlirough the incision 
when It IS grasped tvith the fingers or for 
ceps. If It IS not located immediately, the 
middle and index fingers are moved in a 
arcular manner By doing this, the testicle 
is usually found By lifting up and sup 
porting the pig under the lower flank, die 
search is made more easily It is seldom 
necessary to insert the entire hand, espe 
cially in small pigs In bigger pigs, the in 
cision may be enlarged to allow passage of 
the entire hand, and a much more com 
plete search can be made 
If there is a bilateral involvement, the 
opposite testicle often can be located and 
removed, but with somewhat more diffi 
culty Occasionally it may be necessary to 
do a bilateral laparotomy 
If one operates many pigs, he will occa 
sionally find an animal in which it is nearly 
impossible to locate the testicles In these 
few cases, if one feels he is not jusufied in 
continuing, he may close the incisions in 
the usual manner However, if he is de 
termined to find diem, the only recourse 
left IS to make a large midline incision and 
take advantage of visual inspection It 
might be well to mention that a careful 
examination for operative scars should al 
ways be made before starting die operation 

After the testicle is located and exterior 
ized, the cord should be ligated or clamped 
(Fig 46 8) Again, in small pigs, damping 
and crushing is all that is necessary To 
complete die operation, a few properly 
spaced sutures are inserted 

REMOVAL OF SCIRRHOUS CORD 

Scirrhous cord refers to a hard tumor 
like mass ivhidi develops on the end of the 
spermatic cord after cistration It is char 
actcrized by an enlargement of die sciotum 
At some point on the surface of this cn 
hrgement there is at least one small fistu 


lous opening, from which there is a con 
unuous discharge of a small amount of a 
dun purulent exudate (Fig 46 9) 

There are extensive subcutaneous ad 
liesions m the affected parts, and especially 
in the region of the fistulous areas On 
dissection, a fine tortuous tract is seen to 
lead to a small central core of infection 
and necrosis This is completely sur 
rounded by a very dense, firm, thick con 
nective tissue capsule 

Tlie operation is best performed witli 
die pig in dorsal recumbency under gen 
eral or local infiltration anesthesia The 
latter is satisfactory in most cases 

Two cutaneous incisions are made m 
such a way diat diey isolate an elliptical 
island of skin, whidi should include the 
fistulous opening This isolated secUon 
should be as large as is practically possible 
The reason for this is obvious, in diat there 
are extensive adhesions between the skm 
and the underlying ussues This proce 
dure will minimize the amount of dissection 
between diese structures 



FIG 46 8 — Flank opproach for cryplorchid cos 
(ration, testicle exter orized and claitipco 
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By holding this area with forceps con 
siderable traction may be applied which 
will facilitate the separation of tlie re 
mainder of tlie scirrhous mass from the ad 
jacent tissues (Fig 46 10) This separation 
IS accomplished by careful snipping and 
cutting It IS continued until all tlie dense 
adhesions have been separated 
Finally a point is reached where the 
fingers may be employed for blunt dis 
section At this stage there is natural 
cleavage between the cord and the sur 
rounding tissues The cord is easily sepa 
rated down to the inguinal ring (Fig 
46 11) By using ones fingers in this area 
the danger of injuring the penis is greatly 


reduced Such an injury might easily occur 
if cutting instruments were used 

The cord is now transfixed and ligated as 
close to tile internal ring as possible It 
IS then clamped and severed At tins point 
the ring should be carefully examined for 
evidence of enlargement If enlargement 
IS found a few mattress sutures will 
usually eliminate the possibility of pro 
lapse 

Usually moderate hemorrhage is en 
countered during the operation due to the 
large area of tissue exposed If raudi 
hemorrhage does occur a sterile gauze pack 
may be inserted over die ring for a period 
of 24 hours Often packing is not necessary 
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and a liberal application of an astringent 
dusting poivder will suffice A fly repellent 
should be used if pigs are operated during 
the fly season 

Considerable local infection and super 
ficial necrosis develop These are followed 
by normal granulations covering the entire 
exposed area Healing is usually unevent 
£ul 

SCROTAL HERNIA 

Scrotal hernia refers to the passage of in 
testines, usually the small one, into the in 
guinal canal (inguinal hernia) , then by 
extension into the scrotum when it be 
comes a scrotal hernia 

It IS characterized by an enlargement 
which is soft and easily manipulated (Fig 
IG 12) It may occur bilaterally If re 
duable as most of tliem are, the contents 
can be forced into tlie abdominal cavity 
Pigs should be operated when small 
Those weighing on an average, 30 to 40 
pounds, are ideal size They may be sus 
pended by the hind legs However, it is 
more satisfactory if iliey are placed on some 
supporting structure (see Chapter 45) It 
IS also advisable to have die hind quarters 
clesaied If not suspended a pig should 
be placed on its back secured in diis post 
non by lying ropes on all four legs, and 
then tied to the supporting structure Any 
nieihod of restraint dial can be worked out 


will do, so long as the hind legs are held 
somewhat apart to expose the inguinal 
region 

Satisfactory anesthesia can be obtained 
by injecting a few cubic centimeters of a 
local anesthetic subcutaneously over the 
internal ring in the area where the incision 
IS to be made The size and location of 
the incision are similar to that described 
for cryptorchid castration After the in 
cision has been made, the fingers are used 
to separate the subcutaneous tissue sufii 
ciently to expose the spermatic cord with 
Its parietal tunic intact Through diis 
tunic the intestines are usually visible 
The scrotum is now grasped with one 
hand while the index finger of die other 
hand is bent into a hooked position and 
forced gently around die cord to separate 
it from the adjacent tissues (Fig 46 13) 

A stripping motion using the ^umb and 
index finger forces the intestines into the 
abdominal cavity Now firmly grip mC 
cord With a pulling and prying motion 
while still holding the scrotum, die peri 
loneal covering of the testicle will separate 
from It The scrotum is now released 
Next slide the hand up the cord and grasp 
the testicle It is then rotated with a wrist 
motion sufficiently strong to put a solid 
spiral twist in the cord (Fig 46 14) This 
automatically forces the intestines into the 
abdomen This step is necessary since fre 


i 



FIG 46 12 — Scrotal hernio with extensive in 
testinal displacement Area over lower en 
largement is usuol location for operative me 
Sion 



flG 46 13 — Fnger hooked oround isolated 
cord for opply "9 troetion in seporotmg tunic 
from scrotum 





FIG 46 14 -Twisted cord forces intestines into 
obdominol cavity, exposing r ng 




610 


Section VII SURGERY 


quenil> tlie intestines will work back 
dirough the canal during the mampulauon 
of disengaging tlie tunic from the scrotum 
A pair of forceps could be placed low 
on the cord just as soon as the stripping 
has been accomplished This would hold 
the intestines m the abdominal cavity while 
tlie tunic was being separated from the 
scrotum This is usually not done how 
ever, because the forceps would prevent 
complete twisting of the cord 

During diis procedure one should be ex 
tremely careful to keep from tearing the 
outer tunic It is not serious if it happens 
but It IS mudi easier to reduce die hernia 
if the intestines are still retained 
The cord, widi its tunic, is transfixed 
and ligated as close to the ring as possible 
(Fig 16 15) The entire cord is crushed 
widi forceps and severed The ligature 
used for this should be left sufficiently long 
so diat the cord stump can be tied easily 
into the ring This is accomplished by 
pissing a suture through both sides of the 
ring ind tying with a square or triple 
throw knot 

In some cases where the ring is unusually 
large a few additional mattress or inter 
rupted sutures are necessary While apply 
ing these sutures, the hind leg on die in 
solved side should be loosened to relieve 
tension so that closure may be made more 
secure An 'ititiscptic dusting powder may 
be applied if one terminates his operation 
at this point If this is done, Iiealmg will 
be jirolonged due to secondary infection 
It IS bcuer, after closing the ring cither 
to use a suture which incorporates Uicsub 


cutaneous tissue and skin, or to apply sepa 
rate sutuies to each By this procedure 
primary healing will occur in die mim 
mum period of time However, in die 
majority of cases, after securing the cord 
stump into the ring, a through and through 
suture IS all that is necessary for healing 
to take place A dusting powder on the 
incision completes die operation 

It IS not considered good surgery to use 
catgut sutures in the skin However, if 
about a No 1 medium chromic gut is used 
as suture material, the sutures need not be 
removed This is a practical consideration 
since m most situations pigs dial are 
operated are turned out with the others 
and are usually not examined again 
If a non reducible hernia is encountered 
It requires much more careful dissection 
to free the adhesions Frequently it be 
comes necessary to enlarge die ring to re 
duce the hernia Careful closure in these 
cases IS extremely important The re 
inainder of the operation is the same as 
for a reducible hernia 

It IS hoped that the authors descriptions 
of diese operations will provide a working 
basis for those who wish to perform them 
Naturally some modifications will be cm 
ployed by any given operator 

Any of the operations described can be 
accomplished mucli more quickly if 
of die details are omitted, but, if an oper 
ation IS done m a slipshod manner, t le 
end results may be disastrous Let us as 
trained veterinarians, be meticulous m our 
operative procedures 
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Operations Involving the 
Female Genital Tract 




CESAREAN SECTION 

Djsiocia in the sow is of frequent occur 
rence and presents many difficulties 
termining Uie exact cause of the trouble 
If the genital tract is too small to permit 
the passage of tlic fetuses it is also tw 
small to make a manual cxaminauon in 
some cases a few fetuses may have been 
born witliout difficulty, but examination 
may reveal an unusually large fetus ma is 
too large to pass dirough the pelvis It w 
be impossible to know if this is tie 
fetus or whether tliere are a numbe 
other fetuses still in die uterus In some 
cases the patient has had a normal 
of fetuses but is sail uneasy as ‘boug 
there were one or more fetuses in 
uterus Deciding whether it is m ic^ 
to attempt an embryotomy to use manu^ 
extraction, or to perform a 
m certain cases is important if ^ p 

IS to live uniformly 

A cesarean section will oe ^ \ 

successful in tliose cases dial ^ j 5 
within a few hours after par .j,,ury 
first observed Also die |he 

that has occurred to the soft is 
genital tract m attempts jeW 

dystocia may be a to ex 

repeated attempts have be asepsis 

tract a fetus with little mto 

infection has usually been gj-tion will 

the damaged tissue A ccsarcan ecuon 

be unfavorable .£ delajed more than 


hours after the beginning of parturition 
The operator who has had a great deal of 
experience is a close observer and has 
unusual intuition is usually most success 
ful m clioosing those cases in which a 
cesarean section will result in a high per 
centage of recoveries 

Anatomy of the Genital Organs of the Sow 

The ovaries are usually located along 
the lateral margins of the pelvic inlet in 
the young animal but in the older animal 
they may be found farther forward In 
the sow the ovaries are lobulated due to 
the projection of the follicles and cor^ra 
lutea above the surface of the ovary The 
Fallopian tubes are long but not as tortu 
ous as m die mare and have a radier 
laree abdominal opening Some of the un 
usual features of the uterus are short 
body about 2 inches long and the horns 
which are very long and flexuous In die 
non pregnant animal the horns may be 4 
or 5 feet long and may become 10 or u 
feet long dunng pregnancy The neck is 
rather long and continuous wiUi the 
vagina which is 4 or 5 inches long i 
lermmauon of the genital tract is the vulva 
which IS about 3 inches in length 

Preparation for Operation 

If possible die operation should be per 
formed m the hospital uhere die proper 
factluies are available for it. We prefer o 
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confine the animal on the table m lateral 
recumbency uith the right side uppermost 
For those operators that prefer to operate 
m the median line, the patient will need 
to be confined in dorsal recumbency The 
operame area on the side extends from 
the last rib to the tuber coxae and below 
the ends of the transverse processes of the 
lumbar vertebrae The skin is shaved and 
prepared m the usual manner for an 
aseptic operation 

Anesthesia for the operation may be ob 
lamed by a number of different methods 
If an expenenced anesthetist is available, 
one of the volatile anesthetics may be used 
Chloroform is very effective m bringing 
the patient to the stage of maintenance 
Then etlier may be used to keep the pa 
nent m die stage of maintenance while 
the operation is being performed If 
chloroform is used during the entire opera 
lion, Its effect must be closely watched as 
It 15 a powerful anesthetic 
^Vhen the pauent is toxic, probably the 
safest procedure is to use a local anes 
llictic A 1 or 2 per cent solution of pro 
came hydrochloride may be used to in 
filtrate die skin along the proposed line 
of incision After the skin incision is made, 
die muscles and peritoneum may be in 
filiraicd on the same line as die skm m 
cision 

Another mcdiod of producing anesthesia 
IS to give 10 cc of nembutal intravenously 
to control die struggling of die patient 
Ihcn anesthesia of die tissues is obtained 
by mfiliratmg along the proposed hue of 
incision vvidi a local anesthetic If a gen 
cral ancsdictic is given intravenously for 
complete general anesthesia, die fetuses re 
ccivc too mucli of die anesthetic and do 
not recover from us action 

tpidural anesthesia may be used, par 
ticularly m die small gilt. The needle 
sliould be inserted into tlic vertebral canal 
between the last lumbar vertebra and the 
fust sacral vertebra dirough die lumbo 
sacral sjiacc The {ximt to insert the needle 
on the mcvtnii line is located by drawing 
an ima^jiiury line across the anterior bor 


ders of the wings of the iha Then approxi* 
mately 2>4 inches posterior to this line a 
needle is inserted through the skin A -1 
inch, 18 gauge needle is directed m a 
downward and forward direction at about 
a 45° angle Depending upon the thickness 
of the fat over die area, the needle will 
need to be inserted a distance of 3 to 4 
inches As the needle is inserted through 
the tissues, the point may strike die pos 
tenor edge of the spine of the last lumbar 
vertebra, which may be used as a guide to 
the lumbosacral space The needle may 
strike the edge of the opening before pass 
ing through the lumbosacral space A 2 
per cent solution of procaine hydrochlo 
nde is used for epidural anesthesia For 
a 2251b gilt, 20 cc are used and 25 cc 
for a 250 lb gilt The tad becomes re 
laxed in a few minutes if the anesthetic 
solution has been injected into the epi 
dural space After the anestheuc solution 
has been injected, it is important not to 
incline the body anteriorly for die anes 
thetic solution may gravitate too far for 
ward and affect some of the vital centers 

Operation 

The incision through die skm is 7 or 8 
Indies long, depending upon the size of the 
pauent If the incision is too small, die 
operator may find it is difficult to bring 
the fetus enclosed m the uterus dirough 
the incision When die uterine wall JS 
friable. It may be ruptured if the opening 
m the abdominal wall is too small The 
operative area is covered widi a sterile 
rubber shroud which has an opening ap 
proximately 8 inches long in its center 
The rubber shroud is preferred in the sow 
as there is so much material from the 
uterus after a few fetuses have been re 
moved diat it is difficult to keep any odicr 
type of shroud clean The incision through 
the muscles is made tlic same as the sl^m 
incision When the transversus musdc u 
incised, there may be a thick layer of fat 
between it and die pcntonciun It will 
facilitate the operative procedure to tc* 
move some of this fat m die wound before 
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incjsing die peritoneum The peritoneum 
IS picked up ^Mth forceps and nicked wiUi 
a scalpel and the incision finished with 
scissors A hand is introduced into the 
abdominal caMty to find one horn of the 
uterus Then a fetus enclosed in the uterus 
IS brought out through the incision and 
this procedure is continued until the en 
tire horn is on the outside 
^Vhcne^er a cesarean section is per 
formed without bringing all of the hoin 
out dirough die incision, the operator may 
later find that he faded to remove all of 
the fetuses The operator will have to de 
cide how many incisions will need to be 
made through the uterine wall to remove 
the fetuses In some cases one incision will 
be sufficient while in another case it may 
be necessary to make an incision over each 
fetus. When die uterine wall is incised 
the incision is made on die dorsal surface 
of the horn and large enough so the fetus 
may be easily removed Several fetuses may 
be removed dirough the one incision by 
inserting die hand and grasping a fetus 
It IS usually necessary to work die uterine 
wall from the hand and die fetus like a 
glove as the fetus is removed If the fetal 
membranes are easily detached, they are 
removed, otherwise diey are left to be ex 
pelled in a normal manner When infec 
lion IS present in the uterus, various prod 
ucts that are available for combating in 
fections may be inserted before the m 
cision is closed The incision or incisions 
m the horn may be closed with one con 
tmuous Connell suture using No I chromic 
catgut Before returning the horn J ® 
abdominal cavity, it is moistened wit a 
mild antiseptic solution The 
IS now brought to the outside and ttw 
fetuses removed in the same manner 
hand should be inserted through one o 
the incisions in the uterus to the pelvis to 
extract any fetus that may be present s 
Soon as the incisions have been suture 
and tissues moistened, the second utenM 
horn is returned to the abdominal cavity 
If the uterine muscles seem to be ^onic 
2 or 3 cc of pituitary extract may e tn 


jeeted into the blood stream The needle 
may be inserted into die vessels of the 
broad ligament or the ear vein Almost 
immediately die muscles of the uterus will 
start to contract radier vigorously 

The incision in the peritoneum is closed 
with one continuous suture using No 1 
diromic catgut One continuous suture 
using No 1 chromic catgut may be used 
to close the incision in the transversus in 
tcrnal, and external oblique muscles The 
edges of the skin incision are umted with 
interrupted sutures placed about 1 inch 
apart 

It IS remarkable how little aftercare is 
necessary following cesarean section in the 
sow When there is any evidence of infec 
lion It may be treated with antibiotics or 
die sulfonamides The skin sutures should 
be removed in 10 da)S 


hysterectomy 

When the uterus is examined after per 
forming the laparotomy incision, and the 
fetuses are emphysematous and the uterine 
wall IS friable and possibly necrotic, the 
only chance to save the patient is to per 
form a hysterectomy However, when the 
uterus IS removed m these cases, the mor 
tality will be high due primarily to the 
shock of removing the large volume of tis 
sue Also there will have been absorption 
of toxins and poisons from the uterus and 
the patient will be toxic. During the opera 
lion the tissues must be handled very care 
fully as the uterine wall is easily ruptured 
One horn is brought through the incision 
to die outside as this procedure Meditates 
die ligation of the blood vessels One liga 
ture IS used to ligate the utero ovarian 
artery and one the uterine artery in the 
broad ligaments First, the attachment of 
die ovary is divided and then the broad 
hffament It is best to divide die uterus as 
f3 posterior as possible, usually at die 
far and neck Before 
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so as to close the neck of tlie uterus, tlie 
tissues are dnided between the ligature and 
forceps The blood vessels to the other horn 
and ovary are ligated, the tissues divided, 
and the horn removed Sutures are now 
inserted m the neck so as to invert tlie end 
into tlie vagina The incision m the ab 
dominal wall is dosed in the usual man* 
ner 

Prolapse of the Vagina 

A prolapse of a portion of tlie vulva and 
vaginal wall is sometimes observed m the 
sow When this occurs, it is usually due 
to some irritation or injury to these tis 
sues, and it has stimulated excessive strain 
ing A soothing preparation may be ap 
plied to the irritated areas and the pro 
lapsed tissue returned to its normal po 
sition To retain the tissues in position, 
sutures are inserted in the tough skin 
lateral to the hps of the vulva on one side 
and then over to the other side The su 
lures are pulled tight enough so the lips 
of the vulva are brought m close oppo 
sition Also they are tied so they cannot 
spread apart These are left in position for 
10 days 


Oophorectomy in the Sow 

The removal of the ovaries from the gilt 
or sow is an operation that has never been 
popular in this country. In Europe it is 
reported that thousands of females have 
been operated because they seem to fat 
ten more quickl) 

The operative area is on the left side 
between tlie last rib and tlie tuber coxae 
The operative area is prepared for an 
aseptic operation and the skin infiltrated 
along tlie proposed line of incision The 
incision in the skin should be 4 or 5 inches 
long or just long enough to permit the 
introduction of the hand The muscles are 
divided in the direction of their fibers and 
the fingers are pushed through the pen 
toneum The hand is passed back to the 
pelvis and a searcli made for the ovaries 
Failing to find the ovaries, one of tlie 
horns is picked up and followed to the 
ovary. Tlie spaying shears are inserted 
along the arm to tlie ovary and it is re 
moved, the other ovary is located and it is 
brought out The skin incision is closed 
with interrupted sutures by bringing the 
edges together 
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CHAPTER 48 

Miscellaneous Operations 


repair of umbilical hernia 

Several methods of operative procedure 
have been described and advocated for the 
repair of umbilical hernia m swine Most 
methods described are usually successful 
die techniques being sound m principle, 
the variations depending on the operator s 
experience with the particular metliod 
With which he has had tlie most success 
(Bullard, 1950, Frank, 1912, Guard. 1948) 
Regardless of the individual operative 
technique used, adherence to proper surgi 
cal principles and an understanding of 
wound repair are necessary for continuing 
success in surgical repair The handling o 
umbilical hernias should fit into the swine 
management program, tlie preferred time 
of operation is on young pigs following 
vaccination and weaning, or when the pigs 
are 8 to 10 weeks of age Swine with um 
bilical hernias should not be used for 
breeding purposes 

The aim of operative surgery is the cor 
rection of the defect with a rapid repair 
of the tissues involved Assuming proper 
techniques, the other main factor m 
fiuencing repair is bacterial containimuon 
Ideally, all surgery sliould be done using 
sterile procedures tliroughout, and uu 
doubiedly better results can be obtaine i 
"e adhere to strict asepsis and sterile leci 
uiques Sucli strict asepsis is diflicult to 
obtain in much of our farm surgery, l>o‘ 
e\ery elTort should be made to come as 


dose to asepsis as possible Surgical packs 
can be prepared beforehand by autodaving 
m a pressure cooker this is preferred to 
dicmical sterilization of instruments at the 
last minute With a little tliought and 
preparation a surgical kit or bag can be 
made to include, in addition to sterile in 
struments, all the odier equipment neces 
sary for clean surgery on the fam (Brad 
bury, 1955) In many cases it is feasible to 
do swine surgery at the ofBce or hospital, 
m whidi case there will be more control 
over the general cleanliness and asepsis in 

““cenTiSTestliesia is preferred and the 
p,g IS positioned in dorsal recumbency wi h 
Urf hSd some 6 to 8 inches below the 
level of ihe tail Some operators pref''' “ 
field block of local anesthesia, climiiialing 
Sm daier of overdose of general anes 
Oiesia and having the advantage of ge 
.1,. Oin on Its feet immediatel) tol 
ung 1'“ P | ,950) Epidural 

Sfesia fs mtifactory for tins operation 
w Is not as commonly used as ihc abote 
methods (See Cliapter 1 j for details 

Ta", lestraiiifiand ,, reparation) 

r„ eUiplical skin incision is made 

' „.l ilic'^ hernia to nidiidc die aiiiomil 

Tslm tfbe nosed and an> abscess ilia. 

* L nresent A high percentage of 
may P 1.^ abscess forma 

hernias arc m U shaped 

non and adhesions In « j* . 


incision can 


hesions m - • , 

be cmplojcd, the ends of die 


[ 415 ] 
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U being lateral to the prepuce (Guard, 
1948) The incision over the hernia is 
connected to the ends of the U, allowing 
the prepuce to be reflected backward to 
facilitate isolation of die hernial ring With 
blunt dissection through the subcutaneous 
and areolar tissue the hernial ring is iso 
lated and cleared m an area of 1 to 1^4 
inches around the ring 

The peritoneal sac is now opened at the 
neck the contents examined, and the in 
testines and omentum replaced m the ab 
dominal cavity Adhesions may be present 
whicii necessitate freeing the intestines by 
gende manipulation with the finger tips 
Omentum may be adherent to the fundus 
of the sac and involved m abscess forma 
tion in which case it is necessary to ligate 
and amputate the omentum removing it 
with the isolated skin Occasionally the 
loop of intestine may be so involved m the 
adhesions and abscess that it cannot be 
freed without rupturing the wall of the 
intestine, in which case an end to end anas 
tomosis IS necessary 

The contents of the hernial sac being re 
placed the peritoneal sac is now com 
pletely dissected from the edges of the 
hernial ring and discarded Others prefer 
to ligate or stitch through the peritoneal 
sac at the neck amputate above the line 
of sutures and reflect the stump back into 
the peritoneal cavity Using No 2 catgut, 
the hernial ring is now closed with a senes 
of mattress sutures placed m such a man 
ner that the edges of the ring will overlap 
(Spuak 1947) The sutures should be 
placed about 1/2 inch apart and all sutures 
put m before tliey are drawn up snug and 
tied This method will leave a free edge 
of the upper flap which should be sutured 
to the outer surface of the lower flap by 
a few interrupted sutures The suture line 
shou d be checked for gaps and additional 
small sutures added if necessary The skin 
inasion is closed with suture material of 
choice We prefer small interrupted mat 
tress sutures of silk and cover the masion 
line vviih collodian or plastic spray band 
age Antibiotics under the skm along the 
incuion help to control local infection 
AUercare consists of keeping the pig m a 


clean area witli limited exercise and re 
duced diet until healing is complete 


TUSK REMOVAL IN BABY PIGS 
AND BOARS 


The sharp small tusks of baby pigs are 
clipped to help prevent saatching subse 
quent infection, and inflammation of the 
sow s udder and teats, and also to prevent 
bite infections resulting from the pigs 
fighting among themselves The practice 0 
clipping teeth of baby pigs vanes from 
herd to herd Some swine raisers do it 
routinely, some never clip teeth and othen 
only when it appears to be required The 
tusks on baby pigs are best clipped when 
the pig IS 2-3 days old, although it can 
be done at any age A pair of side cutting 
pliers IS the instrument of choice an 
special baby pig teeth nippers of this type 
are available from farm supply houses 
bone cutting forceps is a good instrumen 
to use, or a pair of ordinary electrician 
pliers works well Care should be 
avoid cutting the teeth too close to 
gum line so that the teeth will not 
cracked or broken below the gum A sap 
file may be used also to dull the * P 
points of baby teeth This metlio P 
vents the crushing of the tooth an p 
sible deep infection ^ 

The large tusks on mature boars , 
to protect the men handling the , 

to prevent injuries produced throug S 
ing Mature boars are detusked at 
It is deemed advisable These , j 

need to be restrained by a nietho 
will hold their heads steady 
or lengths of obstetrical cliains can 
around die snout above die tus 


stretched between two posts „,ent 

of restraint can be used as is - a 

(see Chapter 45 on restraint) ^ 
block or wedge of wood of 
far back across the molars as 
keep die mouth open A hacksaw 
to cut through the tusks, die cu 
made 14 to inch above the ^ 

The cut should be made from 

of the mouth outward to follow . |j,n 


01 me iiiuum — 

of the tusk and to reduce the P 
of injury to the lips and mouth 
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lers can be used to clip the large tusks 
care being taken not to crack the tooth 
below the gum line The tooth should 
then be smoothed with a file or horse 
toodi float Other methods sucli as crack 
ing the tusk off witli a blow of a hammer 
or breaking it witli a chisel and hammer 
are faster but more crude and are not 
recommended because of the danger of 
damage to the alveolus and jaw bone 
Large boars commonly go off feed for a 
few days following tusk removal but re 
covery is rapid with no special aftercare 

nose ringing 

Rings are placed in tlie noses of swine 
to help prevent excessive rooting in pas 
turcs and lots and under fences The tech 
nique is simple and is commonly done b> 
the herdsman The special ring and hog 
nng pliers arc available from supply houses 
and hardware stores The small pig is held 
between die knees of an assistant who holds 
die forelegs with the snout presented to 
the operator Large hogs can be rcstraiiieil 
wiUi a hog holder or any otlicr mcdiod of 
restraint that is conscnient (see Chapter 
la) The rings are placed in the circuhr 
margin of die snout abosc the nostrils and 
about [i 10 inch apart using from 1 to 
1 rings depending on die sire of the p«g 
Rmgs may be inserted m pigs 8 weeks of 
ai>c or at any age thereafter but not be 
fore die pig IS weaned Circ should be 
taken to present placing the rings too deep 
tlius causing pressure ncciosis The iccli 
mque of placing die rings in the skin of 
‘be septum between tin. nostrils is not 
•fcomniciulcd as it docs not seem to l>c 
as cflccusc a incdiod of preventing rooting 
whidi have been v*orn or torn out 
ran be replaced as rcquircil 


cava Ins grciil) facilit iicd die efficiency 
of swine disease programs and rcscardi 


Anticoagulants 


\s indicated b) Coffin (19j3) aiitico- 
aguliius arc necessary for cell counts 
hemoglobin and various blood chcmisiry 
detcnninaiions V 10 per cent solution 
containing 1 per cent of potassium oxalaic 
plus G per cent of ammonium oxalate is 
most commonly used The ratio of dus solu 
tioii to blood is 0 Ij cc per a cc of blood 
The proper amount of solution is placed 
in tubes for die quantity of blood desired 
iiid then evaporaitd to dryness in a hot air 
stcnii/cr or ordinary baking oven set at 
low tcmptraiurc Other anticoagulants 
such as sodium oxalate {>oias$mm oxalate 
and sodium citrate may be used at the rale 
of i-l m„ }>cr cc of blooi! I hese also are 
added uMubes in solution and evaporated 


to tlrviicss ^ , , 1 . 

Tlic anticoagulant of choice depends 
upon die blood rhcmiitry dctirmmaiion 
lor example blood for nonprotem or 
urci n..n.gtn shouW l.c coll«lc.l ... !». 
.aii.u... or ioJ...... o\oh.c v.h.lc kxI...... 

n..or.ac .s ...rJ '* "’<! 

of bloiHl for blooil ...tar .lclcr...i..J...i..o 
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to tlie laboratory because of expense, time, 
and incon\enience botli to die veterinarian 
and to the owner if one hemolyzed sample 
IS found In dieir opinion die only con 
sistendy satisfactory samples are those ob 
tamed by aspiration of clear serum with 
needle and syringe after the blood clot has 
contracted and loose blood cells have set 
tied 

It is important to remember that natural 
contraction of a clot is impeded by low 
temperature Therefore, maintaining the 
blood sample near body temperature tor 
several hours prior to refrigeration en 
hances clot contraction 

Techniques for Venipuncture 

Tile technique employed varies accord 
mg to the purpose for which the blood 
vessel is being entered The three routes 
employed are ear veins, anterior vena 
cava, and tail vein 

SESTKAINT 

The problem of restraint is most vital 
m securing adequate blood samples with 
little risk to die animal If die animal is 
properly restrained, no dilRculty should be 
experienced by a qualified operator in ob 
taming samples For bleeding or making 
intravenous injection, many temporary or 
permanent improvisions can be made using 
dimes, 'wedge' or V’ type troughs, 
holders, or crates for restraining swine (see 
Clnpier 15) In addition to die methods 
tiicrcm discussed three commonly used 
techniques diat are employed at Tennsyl 
vann State University will be described 
W’lxcn the pigs arc loo big to be held and 
oilier means of restraint arc inconvenient, 
a workable procedure for procuring small 
pipcitc samples is to crowd a small number 
of the pigs into a corner where they will 
commonly huddle Obtain the samples 
from the cars of those on top, and by sub 
sequent rcshufllmg of the group all arc 
blcil readily with a minimum of cIForu A 
bleeding car generally is suITiacnt lo idctui 
fy an animal as having been bled 

lilccding small pigs from die anterior 
vena cava can best be accomphshctl by rc 
straining tlicm m a dorsal recumbent po- 


sition on die ground, floor, table, or over 
an assistant s knee as shown m Figure 48 1 
The prevailing bleeding environment 
largely determines whether the assistant 
may stand, sit, or squat when restraining 
the pig Large pigs are best restrained by 
snubbing them to a post, as discussed in 
Cliapter 45, and obtaining the sample as 
shown in Figure 48 2 In obtaining blood 
daily, a technique routinely used is dial 
of placing the pig in a dorso recumbent 
position (Fig 48 3) , with one assistant on 
his knees straddling the pig immediately 
m front of its rear legs (usually only gdts 
are handled m diis manner) \Vith smaller 
pigs, die assistant may hold both front feet 
towards hun with one hand, and the head 
down with the odier For larger gilts or 
those more difficult to handle, a second 
assistant immobilizes the head 

TAIL filEEDING 

Tail bleeding is not commonly practiced 
since methods for bleeding from the an 
tenor vena cava have been perfected Tail 
bleeding is primarily used m commercial 
serum plants and essentially involves 
cleaning of die tail (shaving is best) , dis 
infecting, and excising a distal segment 
with a sharp instrument 

EAR BLEEDINO 

Ear veins are readily observed in a 
white eared pig The veins are generally 
located m diree portions of the ear One 
vein courses along die outer edge, another 
in the middle, and the other about an inch 
from die medial margin or top of die car 
The latter vein is usually more deeply 
embedded and consequently is used less 
dim the other two in bleeding or surgical 
techniques 

One method involved in ear bleeding 
consists of piercing or severing one of the 
veins and/or the accompanying aricry 
This may be accomplished widi a sicnle 
liciuolct, hard Parker No 11 blade, or any 
oUicr sicrilc sharj) piercing instrunicni 
following proper cleansing of die area 
Blood may be aspirated directly into a 
pipette and mixed v>iih proper diluent or 
allowed lo flow into a tube Blood samples 



FIG 48 1 — Technique for 
bleeding from the anterior 
vena cava of a small pig 


FIG 48 2 — Method for ob 
•ommg a blood sample 
‘f^orn the anterior vena 
cavQ of o lorge pig 
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lo the laboratory because o£ expense, time 
and incon%enience both to the veterinarian 
and to the owner if one hemolyzed sample 
IS found In llieir opinion the only con 
sistently satisfactory samples are those ob 
tamed by aspiration of clear serum with 
needle and synnge after the blood clot has 
contracted and loose blood cells have set 
tied 

It IS important to remember that natural 
contraction of a clot is impeded by low 
temperature Therefore maintaining the 
blood simple near body temperature for 
sescral hours prior to refrigeration cn 
hances clot contraction 

Techniques for Venipuncture 

The technique employed varies accord 
ing to the purpose for which the blood 
vessel IS being entered The three routes 
employed are ear veins anterior vena 
cavi and tail vein 

tlESTRAINT 

The problem of restraint is most vital 
in securing adequate blood samples witli 
htllc risl« to tlie animal If die animal is 
properly restrained, no difficulty should be 
experienced by a qualified operator m ob 
tuning samples For bleeding or making 
intravenous injection many temporary or 
pernnnent improvisions can be made using 
cluiics wedge or V type trouglis, 
holders, or crates for restraining swine (see 
Chipicr Ij) In addition to die incdiods 
therein discussed three commonly used 
tcdiniqiics dial arc employed at I’cnnsyl 
vanii Slate Umvcrsuy will be described 
W hen the pigs arc loo big to be held and 
other means of resiraim arc inconvenient, 
a workiblc procedure for procuring small 
piIKrttc samples is to crowd a small number 
of die pigs into a corner vdicre they will 
commonly huddle Obtain the samples 
from the cars of those on top, md by sub 
sequent rcshuffiing of the group all arc 
bleal readily vsith a minimum of effort. A 
blccvling car generally is sufficient to ideiui 
fy an animal as having liccn bled 

Ulecding small pigs from the aiucnor 
vena cava can best be accomplished by re 
straining them m a dorsal recumbent |)o 


sitioii on the ground, floor, table, or over 
an assistant s knee as shown m Figure 48 1 
The prevailing bleeding environment 
largely determines whether die assistant 
may stand, sit, or squat when restraining 
the pig Large pigs are best restrained by 
snubbing them to a post, as discussed in 
Chapter 45, and obtaining the sample as 
shown m Figure 48 2 In obtaining blood 
daily, a technique routinely used is tliat 
of placing the pig in a dorso recumbent 
pmsition (Fig 48 3) , with one assistant on 
his knees straddling the pig immediately 
m front of its rear legs (usually only gilts 
are handled in this manner) Widi smaller 
pigs, die assistant may hold both front feci 
towards him with one hand and the head 
down with the other For larger gilts or 
those more difficult to handle, a second 
assistant immobilizes the head 

TAIL BLEEDING 

Tail bleeding is not commonly practiced 
since methods for bleeding from the an 
tenor vena cava have been perfected Tad 
bleeding is primarily used in commercial 
serum plants and essentially involves 
cleaning of the tail (shaving is best) , dis 
infecting, and excising a distal segment 
with a sharp instrument 

EAR BLEEDING 

Ear veins are readily observed m a 
volute cared pig The veins are generally 
located m three portions of die ear One 
vein courses along the outer edge, another 
111 the middle, and the odier about an incli 
from die medial margin or top of die cir 
The latter vein is usually more deeply 
embedded and consequently is used less 
dian the other two in bleeding or surgical 
tcdmiqucs 

One method involved in car bleeding 
consists of piercing or severing one of die 
veins and/or the accompanying artery 
*11115 may be iccomphshcd with a sterile 
hcinolct « iril Parker No 1 1 blade, or any 
odier sterile slurp piercing iiisiriinicni 
following proper cleansing of the area 
blood may be aspimicd directly into a 
pipette and mixed v>iih proper diluent or 
allowed to flow into a tube blood sample* 



FIG 48.1 — Technique for 
bleeding from the anterior 
vena cava of a small pi9 


FIG 48 2 — Method for ob 
laming a blood sample 
from the anterior vena 
cava of a lorge pig 
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so obtained are often inadequate in 
amount for testing and are grossly con- 
taminated. Spontaneous hemolysis tends to 
occur as the blood flows onto the surface 
of die ear. 

Another method of ear bleeding consists 
of occluding a vein by an intestinal forceps 
or by digital pressure. The skin is then 
stretched across the vein to immobilize it» 
and the needle witli the bevel up is in- 
serted A sharp 16- to 20 gauge needle may 
be used, depending upon size of tlie ani- 
mal If tlie needle has been properly in- 
serted and held, the pressure may be re- 
leased to allow recirculation prior to ob- 
taining a blood sample. Gentle traction is 
applied to Uie syringe plunger until the 
desired amount of blood is obtained. The 
needle is then withdrawn, removed from 
die syringe, and the blood disdiarged into 
the proper container. Blood transfusions, 
hypcnmmunizaiion, or any therapy or 
surgical technique requiring die injection 
of 100 cc. or more can be made by using 
the ear \em, lOO-cc syringes, and IG gauge 
needles. 

BUEOINC FROM ANTERIOR VENA CAVA 

The anterior sena cava method of bleed- 
ing is the most common among veteri- 
narians. The meihod as first described by 


Carle and Dewhirst (1912) is safe, rapid, 
and easy to perform. 

The anterior vena cava lies in the 
thoracic inlet between the first pair of ribs 
and gives rise to external jugulars and the 
right and left brachial veins. If the pig is 
in a dorso-recumbent position die needle 
is inserted on the right side to 2 indies 
(varies with size of animal) from the apex 
of the cartilage to the base of die ear. The 
point of the needle is guided inward, 
downward, and backward to the entrance 
of the diorax between the first pair of ribs. 

According to Hoerlein et al. (1951), pos- 
sible injury to the plirenic nerve is of 
great importance. On the left side it 
courses for a short distance parallel to, 
and in dose proximity with, die external 
jugular vein, thereby making it vulnerable 
to injury by the bleeding needle. The 
right phrenic nerve has the same origin as 
the left but is partially protected for some 
distance by die scalenus ventralis muscle. 
As the nerve enters die thoracic inlet, die 
right brachial vessels lie superficial to 
nerve, giving the nerve on die right side 
greater protection. 

A glass syringe and a needle of proper 
length and gauge should be used. The 
dioice of length and gauge of die needle 
depends primarily on die animal’s size. 



FIG. 48.3 -The molhod 
employed for ”3 

lorger quonfItJe* of elooo 
from the onlorlor veno 
cava of a gilt. 
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Blood has been obiained rouimel) from 
pigs iveighmg about 40 lb to more than 
200 lb with a 3 to 4 inch, 16 gauge needle 
Needles of 2 to 3 inches and 17 to 19 gauge 
are used on all pigs under 10 lb , with the 
19 gauge being used on tlie smallest pigs 
A 6 inch, 12 gauge needle has been used on 
adult hogs and occasionally on pigs as light 
as 100 lb with no ill effects this gauge and 
length IS, hov.e\er, not recommended for 
routine use on tlie farm Hoerlein et al 
(1951) successfully used 1 1/4 inch, 20 gauge 
needles for pigs from birth to 50 lb and 
3»/2 to4i/2incli, 17 to 19 gauge needles on 
all others The lighter gauge needles 
however, are too limber and often kink 
becoming useless after a few difficult bleed 
mgs The suffer 16 and 17 gauge needles 
have proved more durable and accurate in 
penetrating to the point desired 
Bleeding from the anterior vena cava 
as with any surgical procedure, is not de 
void of danger to the animal Since pigs 
lack sweat glands, they are very suscep 
tible to heat stroke, especially in hot and 
humid weather Extremely nervous 
animals should be caught, restrained an 
bled as quickly as possible even if the 
temperature is below 70® F If severe dysp 
nea should occur immediately upon re 
lease the pig should be kept as quiet as 
possible This distress is often temporary 
and usually disappears completely m 
hours 

Occasionally animals with hemophilia 
may conunue to bleed into the tissues o 
the thoracic inlet, neck muscles an su 
cutaneously at the point of penetrauon 
until death results from asphyxiauon 

Individual pigs have been bled ttiniin 
t^ously at the rate of 1-3 cc of hlood 
pound of body weight weekly and o 
twice weekly During this period tliey v 
remained healthy and have grown at ap 
parently normal rates from 40 lb to mor 
than 200 lb None of these pig* has aieu 
and for this reason, the degree of 
ti'e tissue infiltration and damage to 
anterior vena cava has not been c 
mined 

A modified version of Sippels (19^9) 


procedure for bleeding a swine herd is as 
follows 

1 Restrain the animals by method of 
clioice 

2 Cleanse the neck with disinfectant 
solution and cotton 

3 Have several needles of proper gauge 
and length 

4 Have several glass s>Tinges (prefer 
ably 10 cc) 

5 Witlidraw the blood sample 

6 Remove the needle from the syringe 
(to prevent hemolysis) 

7 Slowly discharge the blood down the 
side of the container 

8 Rinse the needle and syringe in cold 
water 

9 Place the needle in a pan of antiseptic 
solution 

10 Atuch a second needle to the syringe 
and then rinse m sterile sodium 


Citrate 

11 Make the necessary records 

12 Proceed to next pig 


ABSCESSES 

Abscesses in swme are not a rarity and 
vetermar»ns havmg a large ammJ 
mctice could rvnte several interesung case 
I, -tones telauve to tltis problem Of P" 

"::;\„ter«tu„der*rs..ead,„^^^^^^^^^^ 




, 1 1 

domestic antmals. sw.ne probably 
the most from poor husbandry and 

emcnt This consequently prcd s 

L mdtv.dualan.mal or herd to ah 

Lwcms tvlnch may arise from tl,= 
„c infectton of bruises or pene 

rS=£i=r 


622 Section VII Sl/RGERY 


Injuries incurred from swalloiving mate 
rials like uire, tin nails and glass cause 
abscessation in die phar)Tigeal area In ad 
dition, pliarjngeal abscesses are caused by 
the careless use o£ a balling gun in ad 
ministering medicine or by an oil can spout 
uhicli farmers often use for giving baby 
pigs medication for anemia The diverti 
culum pharyngeum is the anatomical fea 
lure dial greatly enhances abscessation in 
the pharynx by allowing materials to be 
come lodged 

High feeders and drinking fountains 
uidi sharp edges frequently cause injuries 
which result in jowl abscesses Osercroisd 
mg encourages fighting and tends to make 
the problem more acute by increasing the 
number of cuts, abrasions, and lacerations 
whicli can become infected Pigs often rub 
diemsches on anything that is convenient 
to use, especially fence posts and door 
frames It is important to keep diese ob 
jccis free of sharp edges or protruding 
nails Puncture wounds caused by pudi 
forks and oUier sharp equipment also may 
cause abscesses 

Pharyngeal region abscesses recently ha\c 
been inscsiigated more thoroughly and 
merit consideration as a specific disease cn 
111 ) Collier (1950) rejwricd die group E 
streptococci arc regularly associated with 
abscesses dm occur m this region Other 
workers Newsom (1937), Siifsctli and 
Clinion (1911) , Snoc)cnbos a/ (19 j 2), 
and Sumh (IOjG), ha\e also reported on 
dtis condition 

I he reader is referred to Chapter 25 
for a discussion on abscesses in the 
pliaiyngeal area in association with 
Corynebacteriurn cqui mfcciiom 

In young pigs umbilical abscesses are a 
constant problem Umbilical hernias also 
are often complicated by abscessation 

Etiology 

1 he microorganisms commonly associ 
ated with siqmratise ptoccsscs, as listed by 
Runnclls (1931) ate the sarinus siaphylo 
COCCI and streptococci, iJchertclna coh. 
Shigella r/uiru/u, CorynebacteTtum fjyo- 
gmci C pieutlolubeTciiloui Viciidotnotias 


aeruginosa, Spherophorus necrophorus, 
and Actinobacillus hgmeresi Collier 
(1956) in his survey of 492 exudates from 
the pharyngeal region found that 85 6 per 
cent of the exudates contained a beta 
hemolytic Streptococcus sp belonging to 
Lancefield s serologic group E The other 
organisms isolated and dieir percentages 
are as follows Corynebacterium pyogenes 
(12 8) , Pasleurella muliocida (5 89) , Pro 
teus ammonia (3 25) , Streptococcus equts 
tmtlts (142), Escherichia colt (102), 
Streptococcus zooepidemicus (0 81) , Ac 
tinomyces boots (0 41), Spherophorus 
necrophorus (0 41), Proteus vulgaris 
(0 20), Salmonella typhimurtum (0 20), 
Staphylococcus aureus (0 20) Hollister 
(1956) isolated Streptococcus agalactiae 
from a cervical abscess 

Various inorganic and organic chemicil 
substances also can cause suppuration A 
few sucli substances are mercuric diloride, 
zinc chloride, turpentine, and croton oil 
Many oUiers sucli as caustics, acids, alka 
lies, and insecticide sprays, under varying 
conditions of usage or by accident and 
aided by microorganisms, can cause sup 
purativc conditions 

Pothology 

Purulent exudate (pus) dial becomes a 
sharply circumscribed focus in the tissue 
IS an abscess Abscesses are generally clas 
sificd as hot or cold," being acute or 
dironic processes, respectively A 
runcle (boil) is a cutaneous abscess of a 
few millimeters or less in size A wr 
bunclc resembles a boil but is larger and 
has a Hat surface and multiple openings. 
A pustule’ IS a \cry minute abscess m 
the malpighian layer of the skin 

Characteristic pus is thick, creamy, 
siuoodi, and Nancs in color from yellow to 
\cUowish green It should be odorless aiu' 
contain no ilircids of necrotic tissue 1 he 
pus of swine has a tendency to be cascatcu 
or Uuul as compared wiili dial of asiaii 
origin I he hiier usually is cheesy because 
It com nils an amiuyptic enzyme 
nclls (1031) suies that an enzyme pic* 
ciu in Isinph inhibits the proicascs of 
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[X)l)inorplionucIcir Icnkoo tcs ilicrcforc 
no suppurauon ocnirs when sermn is plciiti 
tul 

According to Collier (19 jG) the p!ur>n 
gcal abscesses caused b) the beta hcinol>tic 
streptococci belonging to group !• hi\c i 
diaractcnsiic exudate tint is nonodorous 
is distinctly greenish in color and \arics in 
consistenc) from creamy to glutinous The 
size \arics from less than 1 cm to more 
than 10 an in diameter, die smaller ones 
being embedded in lymph nodes of the 
region 


Clinical Signs 

The symptoms of absccssniion depend 
primarily on the size and location of die 
abscess and may vary from none to prosira 
tion and death An animal may show a 
few or ail of the cardinal signs of mflam 
mation It may be lame or merely show 
reluctance to move about DilFiculty m 
defecation and micturition may be ob 
served if die abscesses arc located on die 
vulva or in or about the perineum Sore 
ness of die pharynx and interference in 
swallowing causes anorexia Pressure ex 
cried by an abscess in the throat area may 
result m dyspnea coughing and disdiarge 
from the nose Due to soreness of die 
udder a sow may refuse to nurse her pigs 


Prevention and Control 

Needless to say, good husbandry and 
management practices greatly reduce e 
inadence of abscesses One of die more im 
portant preventive measures is the remova 
of sharp or penetrating objects in the pens 
or houses Nails broken wire fences an 
sharp edges on sills, drinking fountains 
^md feeders are the more apparent o en 
mg objects A clean well bedded 
mg house and the removal of the tus o 
baby pigs greatly reduces injuries to a 


sow s udder 

Feed should be handled with ° 

avoid incorporation of foreign objects 
may lodge in or penetrate the 
area Strict sanitary measures concemea 
With feeding are very important ^ 

Amplified by the report of Hollister ( / 


who isolated Streptococcus agalacttae from 
cervical abscesses The circumstantial evi 
dence of die source of infection implicated 
whole milk \ hich Ind been rejected on 
deck inspection m a local dairy The con 
tamers used to transport the milk were 
used repeatedly without cleaning 

Isolation of infected animals is a very 
iiiijioriam practice This is often neglected 
because of the maeased labor and made 
quale housing facilities Animals with 
abstxsscs that have ruptured or have been 
surgically opened should be isolated 
Smiili (19 j 6) quoted R V Packer on the 
isolation of hemolytic streptococci from 
cervical abscesses The condition was re 
produced by adding the organisms in the 
feed and water but not by intravenous 
inoculation 

Depopulation and disinfection of 
premises may be necessary in order to re 
move certain etiological agents as a herd 
problem on a particular farm Collier 
fl954) reported that depopulation disin 
fcction of premises and introduction of 
supposedly abscess free breeding stock 
failed to eradicate the beta hemolytic strep 
tococa of Lancefield s group E from one 
fann 


>atment 

An abscess should not be suiBically in 
;ed until It IS npe It is considered to 
ripe as soon as it softens m the center 
d die bristles (if present) fall out Ap 
, cation of hniment or poultices hastens 
, suppuration of an abscess and thus 
hances the ripening process Either an 
tiphlogisunc or flaxseed with an added 
tiseptic IS a useful poultice 
Hematomas are often mistaken for ab 
^ consequently the cavity of the ab 
^ question should always be explored 
S a hvpodermic needle and syringe 
^reaSt generally falls mto three 
jrc““or-ef (1) providing dminagc 
) oinlrolling S 

mulating body defenses V 

-i\ratann^rtw?Upvfdiebest 

^ag^ Thifis followed with irrigation 
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10 ^vasll the ca\ii) of all pus Antiseptic 
solutions or physiological saline witli anti 
bioucs generally are used for this purpose 
One should a\oid damage to granulation 
tissue lliat IS forming Dakan s solution is 
used most often when necrotic tissue needs 
to be remosed by daily irrigation Soak 
gauze in a tincture of iodine and place it 
in the abscess for sescral minutes up to 
21 hours if good drainage cannot be ob 
tamed The procedure to be folloised will 
depend upon tlic size of tlic abscess and its 
psogcnic membrane The membrane will 


be destroyed and slough, and healing isill 
proceed mucli faster Cotton may be sub 
slituted for gauze, but gauze is preferred 
Dry absorbent poisders like boric aad, 
charcoal, and lime mixtures are sometimes 
put in packs 

In controlling microorganisms, one must 
keep the animal as free as possible from 
feces, mud, or dirt Antisepucs and anti 
bioucs also may be employed 

Internal medication witli biologies or 
antibiotics scr\cs to stimulate tlie appetite 
and body defenses 
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r\]utritional Deficiencies 


Swme require proper nutrition throughout 
their lifetime, during health as well as dis 
ease Growing pigs in particular require 
specific nutrients for optimum growth and 
feed efficiency These nutrients are es 
pecially necessary during the post weaning 
period, when pigs are dianged abruptly 
from a diet composed largely of milk, or 
supplemented with milk, to a diet that inay 
lack certain essential nutrients Sows, like 
'Vise, have critical nutrmve requirements 
that must be provided especially during 
Sestation and lactation to insure the pro 
Auction of large healthy litters 
Moreover, since pigs feed close to the 
ground and are in close contact with ex 
t^cta and with otlier swine, they are ex 
posed to the hazards of more infections 
“nd diseases than any other livestock For 
this reason, m addition to being supplied 
the nutrients necessary for normal physio 
logical activiues during growth, repro 
ducuon, and lactation, they must also e 
gtten the nutrients tliey require during 
diseases, stresses, toxicities, and nutrient 
•mbalances Feeding swine under practical 
tarni conditions is therefore a broader an 
more complicated problem than is 
erally realized, because poor nutrition can 
^«ult from causes oUier than dcfiaent ra 
t'ons as sudi 


-■i sudi 

-his chapter discusses only some o i® 
mrtant nutritional problems eiicouii 
•d cspeaally under disease and actua 
d conditions For more detailed uis 
r 


cussion of S'vme nutrition, llie reader is 
referred to the excellent texts of Morrison 
(1956) and Maynard and Loosli (1956) 

nutrition and infection 
It IS often stated that tvcll nourished 
swine resist the various infections better 
than do poorly nourished swine Tins be 
IS IS not supported by cxperimentat.on, 
but It has gained acceptance probably be 
^„s“sw!ne ratsers who use carefully for 
mulated and well balanced raltons are also 
iTely to employ sound d.sease preaenttve 
measures md U.L encounter Ute m.nimum 
amount of infection Howcaer, some re 
search has demonstrated that pigs fed on 
u.eis deHcient in certain ammo acids or 
tein were less susceptible to bog cholera 
1 Taerroics fed on complete rattans 
rtihuXatr, IMS) S.rn.hr results have 

been , ,g(5) Thus, while 

"**'d'*raUons may decrease susccpltbility 
good rations > other specific 

'"r fom’tiiey may also Icaac the aiiiiinh 
infections Ui y J^iral infections These 
more ,, ,„te that before the role 

^„,b.I.t.cs ■' . mice, toil can 

o, uutriuou u prescn^_^S 

be ^ .tlus.ralc the complex 

cx,st betwee,. .nfcctiou 

and "“‘""°"‘„„i,,t,oiial dcfiaciiaci may 


[42TI 
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tion or utilization o£ essential nutrients, 
and from (2) causes that increase nutri 
tional requirements or lead to tlie de 
struction or abnormal excretion of num 
ents. This t)pe of nutritional defiaency 
might be referred to as secondary nutri 
tional deficiency, its nature, nutrients con 
cerned, and treatment will depend pn 
manly upon the pathological processes in 
\olved 

Nutrition has definite implications in 
certain diseases of swne, among ivhicli are 
digestive disturbances diat apparently are 
common in many herds These disorders 
vvhidi perhaps stem from crowded condi 
tions, are an especially important prob 
1cm m man) large herds, where they some 
limes become endemic (Whitehair et al , 
1918a) The importance of nutrition m 
ireaung sucJi enteric disturbances m swine 
under field conditions has long been recog 
nued by practicing veterinarians and re 
ported by Hofferd (1936), Bryant (1938), 
Wilson (l910),Truax (19-11) , Sicenerson 
(1912), and Kernkamp (1915) Its im 
portance has also been confirmed under 
experimental conditions by Whitehair ct al 
(1918b) , and Luecke < 1 / (1919) Simi 
lari), Iradkin (1953) has erapliasized the 
importance of nuiniion m diarrheal dis 
cases of humans by pointing out tint 
diarrhea is probably responsible for more 
nuiniional deficiencies linn any other 
s)mpiom or group of s)mpioms In like 
manner, starvation diets or inadequate 
dicu cause more therapeutic failures in 
the m ungement of dianhcal diseases than 
an) unwise choice of drug or combination 
of drugs 

Causo and Troatmont 

Often the specific and dramatic response 
lo nutritional Uicrapy leads one to con 
elude (hat digestive disturbances arc due 
primartl) to inadequate rations However, 
tlicic IS ver) little evidence that deficient 
rations arc the priniar) cause of these dis 
turbanccs tor example, feeding a wide 
varici) of nutrients and supplements in 
large amounts did not prevent a charac 
tcrisiic digestive disiuibancc (Wlmchnr, 


1951) , nor was it produced by feeding 
rations deficient in ammo aads and vita 
mms and containing antibiotics to sup 
press possible infection (Hillier and White 
hair, 1952) On tlie otlier hand, the role 
of infectious agents has not been exten 
sively or adequately investigated ^VhlIe 
several infectious agents have been imph 
cated m these disturbances, others un 
doubtedly will be incriminated when ad 
ditional research efforts are applied to this 
problem Deficiencies are often cited as 
causes simply because the investigator is 
unable to isolate a certain patliogen or to 
reproduce the disease with filtrates Fre 
quently the animal may have become in 
fected much earlier, even during the early 
nursing period, hence tlie primary path 
ogen can no longer be isolated Likewise, 
in conducting transmission experiments 
one should make certain tliat tlie pigs used 
have not been exposed previously and are 
immune or that they are of disease free 
origin 

Diet Uierapy will depend, of course, on 
the duration and pathogenicity of tlie 
enteric infection It will consist primarily 
of restoring the appetite and replacing the 
nutrients lost Table 19 1 shows hou^ an 
experimentally produced specific infection 
decreased food consumption and increased 
fecal nutrient losses in )oung pigs It 
inigiu be added tliat while the nutrient 
losses m tins experiment were quite 
marked, the clinical s)mploms of these pigs 
when exposed to an enteric infection were 

T/VBLE49 I 

Effcct of Trammissidle CAyrROEvrERms Infectjos 
IV Pics ov I oou Cosscui nov and Lxcretiov 
OP Nutriexts* 


Items 

Controls 

Infrcictl 

Number of pitrs 

6 

6 

Daily food consumption 


94 

(Em ) 

Daily fecal cxcrclion 

ICO 


40 7 

Water (gm ) 

t 3 

Nitrogen (gm ) 

0 03 


boUiuui (m{( ) 

1 1 


Polauium (ing ) 

5 0 



* Ke>ucJ table from Rcbcr »ful luieluir (1955) 
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not nearly as serious as has been obser\ed 
under practical conditions 

Other infections can also be presumed 
to interfere with nutritive requirements of 
pigs Besides affecting the metabolism of 
specific nutrients they may depress ap 
petite This action starts a vicious cycle of 
insufficient food consumption and conse 
quently a complex nutritional deficiency 
In the final analysis the treatment of di 
gestive or other diseases must include the 
nutrients necessary for restoring the am 
mals to normal growth as quickly as pos 
sible as well as treatment to suppress or 
eliminate tlie specific infectious agent 

nutritional deficiencies in general 

Nutritional inadequacies may vary from 
mild deficiencies without obvious symp 
toms other than impaired growth and feed 
utilization to marked deficiencies with a 
definite clinical syndrome and lesions Un 
fortunately the symptoms lesions and 
biochemical changes observed under ex 
perimental conditions are sometimes dif 
ficult to apply to field problems because 
specially devised rations are employed to 
produce a more absolute and acute de 
ficiency Under field conditions an incom 
plete deficiency exists with a more chronic 
course complicated with other deficiencies 
and factors Certainly some nutritional de 
ficiencies produced m swine under experi 
mental conditions are not likely to occur 
under field conditions either because the 
necessary dietary requirements are so small 
that deficiencies would be difficult to pro 
duce or because the commonly used feeds 
'vould supply adequate amounts of the 
nutrient On the other hand it would be 
folly to predict tlie practical applications 
of basic research Zinc for instance con 
sidercd to be unimportant in swine nuiri 
tion by researdi workers (for a long nme 
3nd with good reason) is now recognized 

an essential nutrient in tlie control of 
parakeratosis 

Nutritional deficienaes encountered iin 
dcr field conditions usually exist as com 
picx deficiencies Their general sjanptoros 
poor growdi rate reduced appetite 


unthnftmess lameness and disturbances 
of the haircoat and skin These symptoms 
especially the first two are so general tint 
m many herds they may not be detected 
at all If accurate records could be ob 
tamed these symptoms would be helpful 
in detecting tlie mild deficiencies un 
doubtedly common m many hcids Com 
plex deficiences can be detected only b) 
carefully reviewing the diet as well as the 
clinical symptoms patliological findings 
and perhaps biochemical determinations 
Table 49 2 illustrates the total nutrients 
and the amount supplied by each feed m 
a simple ration for swine m comparison 
lo the daily requirements Note the marked 
deficiency of calcium and borderline 
amounts of phospliorus riboflavin and 
pantothenic acid It is also evident that 
while alfalfa meal makes up onI> a small 
amount of the total ration the contribii 
lion of vitamins and calcium is consider 
able Management and ph)sical equipment 
also play a part Adequate well-designed 
feeders palatable rations and sufficient 
exercise all Jielp ensure good nutritional 
performance 


WATER 

Water is important but often neglected 
in swine feeding Swine can h'C for many 
days ivithout food but only a few days- 
perhaps in some environments only hours 
-ivithout water Water is an important 
structural component of cells and tissues 
and plays a major role in cellular 
hsm by carrying dissohcd or etmilsificd 
nutrients to die cells and carrying sccrc 
tions and excren away (For a review on 
water metabolism and requirements of 
farm animals see Leitch and Tl.oinson 

*\\atcr is also imporiaiil for rtgulaling 
body temperature I leas') pigs are cs|>c 
cially susceptible to heat prostration be 
cause they hate a layer of fat which rc- 
nrds the escape of heat an I because they 
lack ordinary sweat glands 
heasT losses of water accomiiamcd by clcc 
... disturbances such as gasnocn 
“mm reduce >cnou. ,d„,.olc,„,c.l .nJ 
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pathological consequences, including de- 
hydration, rapid weight loss, and anorexia 
(Marriott, 1950) . 

CARBOHYDRATES 

The group of foodstuffs called carbo- 
hydrates supply tlie major energy require- 
ments for the many body activities. For 
this reason, carbohydrates compose 70 to 
80 per cent of s^vine rations by weight. 
Stardi, the principal carbohydrate in swine 
rations, is broken down by the digestive 
enzymes into the end product, glucose, a 
simple sugar After absorption, glucose is 
s utilized immediately for energy or trans- 
formed to and stored as fat Another 
simple sugar in milk, lactose, has special 
nutritive properties in that it promotes an 
acid or favorable type of fermentation m 
the intestine, is more slowly absorbed than 
the other simple sugars, and enhances the 
absorption of calcium and phosphorus. 
For these reasons, and the fact that baby 
pigs do not utilize dietary suoose (Becker 
et al , 1954b) , lactose is the carbohydrate 
of choice in compounding synthetic rations 
for baby pigs. 


Crude fiber or complex carbohydrates 
from hay or other roughages are utilized 
only to a limited extent by growing pigs. 
Legume hays are good sources of many 
vimmins and minerals and are used ex- 
tensively in practical growing rations at 
levels of 5 to 10 per cent (depending on 
quality) of the total ration. For mature 
stock, especially brood sows, the amount 
fed may be increased 15 to as much as 50 
per cent. The higher levels would be in- 
dicated for sows self-fed during gestation 
to prevent them from becoming excessively 
fat. 

Besides supplying energy, die carbo- 
hydrates supply special protective and de 
toxifying powers to the liver (Soskm and 
Levine, 1952). When liver glycogen stores 
are low, animals are much more susceptible 
to various poisons such as carbon tetra 
chloride, chloroform, or arsenic, and to 
some of the toxemias of microbial origin- 
The mechanism of this detoxification is 
not clearly understood, but part of it is 
presumed to consist of a conjugation of 
the toxic substance with carbohydrate com- 


TABLE 49 2 

VrrA>i«N,* Minerai., antj Protein Content of 3 Major Components of a Simpie Swine Ration 
(3 2 LB Per Day) in Comparison to Daily REquiREMENTSf 


' ' 

Component 
of Ration 

Amount 

of 

Com- 
ponent 
in 100 
lb of 
Ration 

Pro- ■ 

Sup- 

plied 

Com- 

ponent 

Trypto- 

phan 

Sup- 

plied 

by 

Com- 

ponent 

Sup- 

plied 

ponent 

Methi- 

Sup- 

plied 

by 

Com- 

ponent 

Ca 

Sup- 

plied 

by 

Com- 

ponent 

P 

Sup- 

plied 

Com- 

ponent 

Thia- 

mine 

Dally 

Ration 

Ribo- 

flavin 

in 

Daily 

Ration 

Niacin 

in 

Daily 

Ration 

Panto- 
thenic 
Acid in 
Daily 
RaUon 

Caro- 

tene 

in 

1 Daily 

RaUon 

Corn 

(.lb) 

72 

(lb) 

6 19 

(lb) 

05 

(/6) 

15 

{lb) 

16 

ilb) 

01 

Qb) 

19 

{”>§ ) 

4 I 

1 1 

(mg ) 
23 5 

(mg) 

6 2 

(mg) 

4 6 

Soybean 
meal 
(43%) . 

20 

9 20 

17 

60 

10 

.05 

14 

3 9 

1.1 

7 3 

6 5 

6 

Alfalfa meal, 
sun-cured 

5 

88 

01 

04 

02 

07 

01 

2 

8 

2 6 

2 0 

3 5 

Total 

97 J 

16 27% 

23% 

79% 

28% 

13% 

34% 

8 2 

3 0 

33 4 

14 7 

8 7 

NRC 

(1953)t.. 


16 0% 

.20% 

; 1 00% 

60% 

-65% 

.45% 

1.6 

3 2 

19.2 

16.0 

1 0 


• Vitamin amounts and requirements are gnen as m^. per 3 2 Ib. of rauon, 

♦ RcquircmcnU of NRC Swine requirements. Nation^ Research Council, 3 2 Jb. feed daily for 50-lb. P‘g- 
J Plus 3% for add^ minerals, \itamins, animal proton, etc. 
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pounds, transforming the toxic fictor into 
t iclattscl) innocuous subsiincc 

While a ukIc \ irict) of fccils supp!) car 
l)oh)ilr»tci satishciorilj for suinc feeding 
the usinll) isaihblc and economicil 
sources aic corn uid the sinill gnins 
I-ornuihiing in idc(|uiie suinc niion is 
prim irdj i muter of including supple 
incuts to prosidc the iinino icids, tuincmh 
and Miiinms licking m the gnm portion 
of the thcL 

PROTEINS 

Nutritionall), proteins ire usuilly con 
sidcrcd the most iin]K)rtant of tlie three 
classe‘s of organic nutrients I’rotcm is the 
mam component of the soft tissues ind 
tngans of the bod), it is i structunl con 
stituent of the cells making up these puts 
md IS Miillv important in miny ictisc 
biochemical substmees, sucii is hormones 
ciu}mc$, timnunc botliu, nui Iicmoglobm 
Proteins ire also of considerable impor 
I mcc m the rcsistincc to and rccoscry 
from sarious diseases In i dericicnc)', for 
cximplc, the capacity to fabricate intibody 
protein is lou, die production of leuko* 
cyies and l)mphoc)tcs is dcaciscd ind die 
bone inirrow and lymphoid tissues arc dc 
plcted (Miner, 1955, Cannon, 1918, 1950) 

In nutrition, the mdisidual ammo acids 
that make up the simple proteins ire of 
most importance Of the more than 20 
ammo acids diat have been isolated from 
proteins, 10 are essential for swine (Na 
tional Research Council Report, 1953) 

Of these 10, tryptophan lysine, and 
raednonme arc pariiculirly important 
These ammo acids may be present in in 
sufficient amounts m die feeds commonly 
used in swine rations Recent studies 
(Becker et al, 195 la, Meade, 1956a) using 
typical diets have suggested levels of ap 
proximatcly 0 13. 0 66 and 0 25 per cent 
respectively for tryptophan lysine, and 
mediionine as adequate for growdi and 
acceptable nitrogen retention in pigs 
These requirements are markedly lower 
than Uiose suggested earlier (Table 49 2) 
!md probably represent a closer figure to 
the actual requirement Proteins vary in 


llieir ammo acid content and those con 
nimiig ammo acids in amounts diat 
parallel the body requirements aic referred 
to as proteins of high biological value 
\fttr jiroicms have been digested and 
the indiviiluil ammo acids absorbed pro 
icin metabolism is considered to be m a 
Slate of tlynamic equilibrium between die 
plasm I proteins of the blood and the eel 
lular protoplasm of die various tissues 
organs and hemoglobin Thus the proteins 
III vinous tissues arc continually synthe 
si/cd aiul broken down Likewise there is 


a coimmial loss of protein from the body 
by deamination in the liver and excretion 
of the nitrogenous products m die urine 
Synthesis of body proteins involves many 
factors such as cncigy mineials and vita 
imiis Jht ammo acids required to fabn 
calc a specific protein must be present not 
only m the nglit amounts but also at die 
right lime (Lggeri el al 1953) Thus the 
theory (Cannon 1918) applies that a de 
ficicncy or absence of one ammo acid limits 
protein synthesis 

Infections seriously disturb protein me 
tabolism This is a secondary protein de 
ficiency, and iis pathological consequences 
and symptoms aie much more severe than 
a primary deficiency A secondary defi 
ciency is bi ought about by (1) anorexia 
(2) partial or total reduction in food m 
take (3) loss of protein in secreuons 
various fluids and hemorrhage, (4) an 
excessive breakdown of ussue proteins and 


(5) failure of the body to synthesize pro 
tcins The symptoms and tissue changes 
depend primarily on die pathogenicity and 
duration of die infection and the tissues 
involved The expected pathological ef 
fects are anemia hypoproteinemia leuko 
peiiia rapid weight loss slow wound Jieal 
mg increased susceptibility to certain in 
fections and tissue atrophy 

Proteins are not stored like otlier nutn 
ents However there are certain deposits 
or reserves in the protoplasm of certain 
ussues such as muscle and the tissues of 
the liver, that may be used during periods 
of inadequate protein intake Thus pro 
tein deficiency is first reflected in 
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plasma protein values and later in lower^ 
hemoglobin le\els. Symptoms are anemia, 
atrophy o£ tissues, and iv eight loss. 

Using purified type rations under ex- 
perimental conditions, most o£ the essen- 
tial ammo acids required by swine have 
been identified or determined. Under field 
conditions, however, no symptoms are 
likely to be observed except the general 
ones o£ impaired growth and unthriftiness. 
Methionine deficiency will reduce feed ef 
ficiency (Whitehair and MacVicar, 1952) . 
Growing pigs, unlike ruminants, do not 
utilize urea as a source of nitrogen (Han- 
son and Ferrin, 1955) . 

FATS 

In swine nutrition, fats are not consid- 
ered to have any special importance other 
than a place in general nutrition This in- 
cludes: (1) their importance in the metab 
olism of tlie fat soluble vitamins; (2) a 
concentrated source of energy: (3) adding 
palatability to rations; and (4) furnishing 
the essential fatty acids, linoleic, llnolenic, 
and arachidonic. Witz and Beeson (1951) 
have described a fatty acid deficiency in 
swine which was experimentally produced 
by feeding a diet composed of 0 06 per cent 
fat. However, practical rations probably 
would never be this low. 

MINERALS 

The mineral elements have many vital 
functions in the body. They are essential 
components of the skeletal structure and, 
in combination with fats, proteins, and car- 
bohydrates, make up many important or- 
g.inic compounds. Many of the enzymes 
have specific inorganic ions present. As sol- 
uble salts tliey have a wide variety of func- 
tions such as osmotic pressure, add base re- 
lationships, and characteristic effects on the 
irritability of muscles and nerves 

Calcium and Phosphorus 

Caldum and phosphorus arc usually con- 
sidered together since approximately 99 
per cent of the calcium and SO per cent of 
ilic phosphorus are found in the bones and 
teeth. 


Rickets in fast-growing young pigs and 
osteomalacia in sows that are lactating 
heavily are probably the most frequently 
observed nutritional deficiencies in swine 
(Kernkamp, 1925. 1941; Bohstedt, 1926; 
Mitchell, 1929; Loeffel et al.. 1931; Theiler 
ei al, 1937) . In pigs, rickets is characterized 
by various forms of stiffness, unthrifty ap- 
pearance, poor growth rate, and low cal- 
cium and phosphorus blood values. Paraly 
sis, especially of the rear quarters, is fre- 
quently observed. The joints show enlarge- 
ment and are painful. The weight of the 
body and tension of the muscles cause the 
long bones to twist or bend various ways or 
even fracture. 

Osteomalacia is usually observed in sows 
during the middle to the latter part of lac- 
tation. The symptoms are various foiros of 
posterior paralysis, lameness, and stiffness 
(Fig. 49.1) . They are usually the result of 
spontaneous fractures of the pelvic bones, 
the femur, or the vertebrae in the lumbo- 
sacral region. These bones are in various 
stages of decalcification to meet the de- 
mands for milk production and are unable 
to vvitlistand any sudden contractions of 
the powerful back muscles, such as might 
result from slipping or from exertion. 

In normal calcium and phosphorus me- 
tabolism three factors are necessary: (1) 



FIG. 49.1 — Posfenor paralysis iot 'downe 
in sow during fifth week of lactation. 
ciuin volues were low, and on necropsy ' 
lures of both femurs and other lesions of os'® 
molocia were found. 
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sufficient supply of each mineral (2) suit 
able ratio between them and (3) vitamin 
D Of these three factors calcium is the 
most important one to consider Swine re 
quire it m rather specific amounts during 
rapid growth and heavy milk production 
It also IS most likely to be deficient in swine 
rations because the concentrates usually 
used are low in calcium Corn is particularly 
low m calcium (02%) The recommended 
calcium phosphorus ratio is usually be 
tween I I and 2 1 (Bohstedt 1939) Vita 
mm D IS required m the deposition of the 
calcium phosphate in the bony matnx In 
rickets or osteomalacia die proteinic mat 
rix of the bone tissue appears normal but 
the deposition of calcium phosphate is im 
paired and osteoid zones are developed 
around the bone trabeculae Decalcifi 
cation while evident in both rickets and 
osteomalacia is usually more extensive in 
osteomalacia These disturbances cause a 
Wide variety of skeletal defects 

At necropsy of rachitic pigs the bones 
especially the ribs are soft and at times so 
spongy they may be cut readily with a 
knife The epiphysis of the long bones is 
enlarged and irregularly club shaped while 
the shaft is also irregularly thickened The 
yellow marrow is red and gelatinous The 
articular surfaces may be ulcerated and the 
bones of the vertebral column and pelvis 
may be rarefied or fractured 

In soivs a calcium deficiency analogous 
to milk fever m cows apparently does not 
occur (Hastings 1955) 

Magnesium 

^lagnesium is also concerned in calcium 
3nd phosphorus metabolism and is a com 
ponent of many enzyme s)stems High lev 
<^ls of magnesium cause generalized anesihe* 
sta and complete muscular relaxation Low 
le\els cause dilation of capillaries extreme 
ner\ousness and convulsions Most swine 
rations contain enough magnesium for re 
quiremcnts Magnesium has an antagonistic 
action towards calcium An excess in the 
ration may cause an excessive loss of cal 
cmni This apparently is not as much of a 
problem in swine as m other species Unle« 


tlie excess of magnesium is very large usu 
ally no harm results 

Sodium Potassium, and Chlorine 

Sodium and potassium exist in ionic form 
in tissue and make up the basic part of sev 
eral enzyme systems which maintain the 
physiological pH of blood various body 
fluids and digestive juices Potassium is 
the mam cation of the fluid within tissue 
cells while sodium is in the extracellular 
fluid Chlorine combines with Iijdrogen to 
form hydrochloric acid which gives the gas 
trie juice proper acidity 

Because of its presence within cells a 
great many phjsiological roles have been 
ascribed to potassium Among the impoi 
tant functions is its relationship to die me 
tabolism of muscles and nerves In experi 
mental animals a potassium deficiency is 
characterized by paralysis and irritability 
of skeletal muscles While swine require po- 
tassium (Hughes 19-12) common rations 
usually contain ample amounts No nutri 
tJonal problem is presented unless there are 
unusual losses as in diseases such as gas 
troenientis 

Sodium and chlorine arc associated as 
common salt in ingestion excretion and 
many bodily functions sudi as water regu 
lation osmouc pressure and control of 
plasma volume Salt is so important for 
swine that Iowa workers (Eward et al 
1925) emphasized its importance by refer 
ring to It as the white gold of die swine 
kingdom They noted dial the lack of salt 
caused slow growth very pt>or feed effi 
cicncy and a deprav ed appetite m pigs 
The kidnejs arc an effiaeni regulatory 
inechaiiism which maintains a definite con 
centration of salt in the blood and cxtracel 
luJar tissues over a wide range of intake 
Losses are minimized when intake is low 
excessive amounts arc excreted when intake 

IS high , 

Salt poisoning of pigs ma) occur if an un 
usual amount of salt is consumed without 
fresh water The usual recommendation 
for salt in sw me rations is 0 a per cent of the 

loul rauon , 

Infections csj>caall> diose involving die 
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intestinal tract, cause excessite losses o£ 
salt and tltese losses must be replaced In 
many illnesses salt helps to restore appeute 

Iron and Copper 

Iron IS an essential component of the he 
moglobm molecule and se\eral enzymes 
As a constituent of hemoglobin it has tlie 
important ph) siological functions of oxy 
gen transport and cellular respiration Cop 
per IS required in the metabolism of iron 
and in the synthesis of hemoglobin The 
importance of iron and copper m the 
treatment and pre\ention of anemia in 
>oung pigs i^as shown through research 
conducted at se\eral experiment stations 
during the 1920 s and 1930 (McGowan and 
Crichton 1923 Dojle et al , 1927, Hart et 
al , 1929, Hamilton et al , 1930) 

Pigs arc born wiUi only a limited store 
of iron and copper Milk is low in these 
elements, and unless pigs ha\e access to 
outside sources, anemia develops m 2 to 
3 weeks The hemoglobin levels decrease 
in the bab) pig from values at birth of 8 
to 12 gm per 100 ml blood to values as low 
at 2 to 3 gm in 3 to I weeks (See Chapter 
2 on hematology for other hemoglobin 
values) The anemia that results is a hypo 
chromic microqtic type Anemic pigs show 
svmptoms of poor growth, listlessncss, 
rough haircoat, vvnnklcd skin, drooping 
cars and tail, and a paleness of the mucous 
membranes Fat, v^cll nourished pigs may 
die suddenly A rather characteristic symp- 
tom IS lilwred breathing or a spasmodic 
jerking of the diaphragm muscles from 
which the term thumps ' arises Necropsy 
findings arc enlarged and fatty liver, thin 
watery blood iscitcs, marked dilation of 
the heart, and enlarged finn spleen Eryth 
roblisiic cells appear m clumps in the 
bone marrow and liver 

\ncinia occurs mainly v^hen pigs arc 
kept indoors on concrete iloors during the 
late fall or early spring I ceding iron and 
copper salts to sows during gestation is not 
cfTcctivc in incTcasing reserves m newborn 
pigs. Usually the licmoglobm deacascs 
modcratclv during the fiist 3 or I davs of 
a^e regardless of whether or not the pigs 


have access to iron and copper salts With 
access to iron and copper, however, by 2 or 
3 weeks of age the values are equal to or 
above tliose noted at birth 

The metabolism of iron is rather un 
usual in that the body has a remarkable 
ability to conserve iron after it has been 
absorbed and has become part of die 
tissues The body retains the iron lost from 
the destroyed red blood cells and uses it in 
resyntliesizing hemoglobin Absorption is 
controlled m some manner by the iniesti 
nal mucosa, which is able to accept iron in 
times of need and reject it when stores are 
adequate Thus, iron m rations m excess 
of normal requirements serves no useful 
purpose and may actually form a complex 
insoluble salt with calcium and cause 
rickets However, stress conditions, hemor- 
rhage, and infections increase iron require 
ments 

Anemia in pigs can be prevented by a 
variety of methods placing clean sod in the 
corner of Uie farrowing pen, applying iron 
and copper salts to ilie sow s udder, or ad 
ministering iron copper tablets Also avail 
able commercially are injectable iron com 
pounds which arc very elTective 

Pigs apparently are not susceptible to the 
toxic factor in trichloroethylene extracted 
soybean meal that produces aplastic anemia 
in cattle (Hanson et al , 195G) 

Iodine 

Iodine is required for tlic proper dcvcl 
opment and functioning of tlic thyroid 
gland and is an indispensable component of 
the hormone, thyroxin, which controls t!ic 
rate of energy metabolism In iodine defi 
cicncy there is a hypertrophy of the follicu 
lar epithelium in an effort to produce more 
thyroid hormone and a coircsimniling cn 
largcmeiu of die thyroid gland (simp**^ 
goiter) 

It has l)ccn known for some time (W'clch. 
1928) lint svwnc in the goiter area of the 
Great I^akcs and the Pacific Northwest 
v\crc susceptible to an iodine dcficicncv He- 
pons (Vndrews et al , 19IH. Matter, 19''^) 
indicate that a dcficicncv may also vsccur m 
central Indiana \ndrcus and associates 
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logical factors may be involved in this dis 
lurbance Zinc carbonate sulfate or oxide 
are all effective as sources o£ zinc in the 
treatment or prevention of parakeratosis 

Other Minerols 

Special situations which bring about m 
creased requirements or dietary imbalances 
may indicate the need for additional min 
eral elements Several experiments surest 
a need for cobalt by pigs fed an all plant 
type of basal ration and maintained m dry 
lot However it is doubtful that cobalt is 
necessary if tlie ration is adequate in vita 
mm Evidence is likewise available 

both for and against the need of certain 
trace elements especially copper in glow 
mg fattening rations m dry lot Sulfur 
while probably required by swine is pro 
vided m ample amounts by the sulfur con 
laming ammo acids Inorganic sources of 
sulfur such as flowers of sulfur are not 
utilized by pigs 

VITAMINS 

Vitamins are distributed m small 
amounts in feeds and are required by swine 
for health and wellbeing They are unre 
laied to each other chemically and differ 
from the structural md energ) yielding 
compounds m the ration m that they are 


required in small amounts and tlieir role in 
living processes concerns specific physio- 
logiGil functions Most vitamins exist in 
more than one form or modification and 
their distribution m feeds varies Tissue al 
terations and symptoms due to vitamin defi 
ciencies vary depending on the specific 
biochemical functions of the vitamin 
Dividing the vitamins on the basis of sol 
ubihty has a usefulness m grouping certain 
physiological characteristics The fatso! 
uble vitamins are absorbed and partially 
metabolized with the hpids are stored m 
relatively large quantities and may be 
toxic m excessive amounts The water 
soluble vitamins are absorbed more readily 
are not stored as well and are seldom toxic 
even in large amounts 
In swine knowledge of the vitamins has 
come from two mam lines of investigation 
(1) their value m the treatment and pre 
venuon of nutritional diseases mainly nek 
ets and pig pellagra (2) the feeding of 
semi syndietic or purified diets The 
use of purified diets or rations of known 
composition initiated during the late 1930 s 
(Bircli w al 1937 Hughes 1938 Wm 
irobe 1939) has been employed extensively 
since to demonstrate requirements bio 
chemical changes symptoms and lesions of 
deficiencies 



FIG 49 2 - Feeding piJ/' 
f ed rot one to p'Q* niflif’ 
tamed in Indlviduol 
tabolism cages as H”* 
troted has revealed mtor 
motion os to the nutr t ve 
requ rements of young 

p g» 
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Baby pigs from a few da)s to several 
^veeks of age are used m these studies 
They are maintained in individual raelab 
olism cages (Fig 49 2) Purified rations 
make it possible to include, withdraw, or 
feed at a certain level a specific nutrient 
with a minimum disturbance to the rest of 
Uie ration A wide variety of rations have 
been successfully employed in these meta 
bolic studies Most of the diets are com 
pounded according to the composition of 
sow’s milk or tiie requirements of otlier 
species, especially the rat Of equal or 
more importance is maintaining specified 
environmental temperature and freedom 
from diseases As a result of these studies 
a voluminous amount of basic as well as 
practical information has been made avail 
able Swine apparently require some 15 or 
more vitamins Only those that have been 
well established and are of practical con 
cern vull be considered 

Vitamin A 

Vitamin A functions mainly in mam 
taming the structural and functional m 
tegrity of cpxtliehal cells, the visual func 
tions of tlie retina, and growth Epithelial 
cells with a secretory funcuon are mainly 
concerned 

The ultimate source of all vitamin A is 
the plant kingdom Cryptoxanthine in yel 
low corn, carotene in pasture, and good 
quality roughages are tlie main precursors 
or provitamin A’s Concentrate feeds, other 
than corn, are usually devoid of carotene 
Consequendy, swine may encounter vita 
min A deficiency when the ration does not 
include good quality roughage or access to 
pasture Vitamin A and the carotenoids 
are highly unsaturated and are easily de- 
stroyed by oxidauon, which is enhanced by 
light, heat, rancidity, and oxidants such as 
the metals Under some conditions yellow 
corn may lose as much as 50 per cent of 
Its carotene supply in six months It is al 
ways important to consider losses in vita 
turn A or carotene that may result from 
processing of feeds such as grinding, pellet 
tug, storage, or in curing roughages 

The symptoms of vitamin A deficiency 


have been reported by numerous workers 
(Hughes et al , 1928, Biester and Murray, 
1933 Dunlop 1934 Elder, 1935 Hentges 
et al , 1952a) As might be expected be 
cause of the tissues involved, vitamin \ 
deficiency shows a wide variety of symp 
toms An early symptom in pigs is a tend 
ency to carry tlie head tilted to one side 
This IS believed to be due to an infection 
of the inner ear (otitis media) An inco 
ordination — more of a swaying gait — 
followed by a loss of control and, event 
ually paralysis of the rear limbs is a com 
mon symptom noted by most investigators 
Pigs also show stiffness in walking lordosis, 
spasms (Fig 49 3), and extreme restless 
ness Appetite and rate of gam are appar 
ently not affected Night blindness and 
minor eye lesions occur late in the defi 
aency In pregnant gilts resorption of 
fetuses abortion and birth of dead pigs 
occur Congenital defects of anophthalmia, 
cleft palate, and microphtlialnua have been 
noted under experimental conditions 
(Hale, 1935) and in field cases (Watt and 
Barlow, 1956) 

Vitamin A deficiency m young anumis 
produces a retarded bone grow tli- even 
before symptoms are noted This is be 
heved (Wolbach and Bessey, 1942) to pro 
duce an overcrowding of the crannl cavity 
and spinal canal as the central nervous 
system continues to grow In pigs it causes 
spasms and paralysis degeneration in por 
tfons of the spinal cord, sciatic and femoral 
nerves (Hughes et al , 1923) . and increase 



19 3 — Experimenlally prodweed 
ent pig showing tordosi* * 

iTtel*. (Courtesy Henige. el ot, 1952) 



638 Secnon VIII NUTR/7/ON, FEEDS, AND fAANAGEMENT 


m cerebrospinal pressure (Sorensen et al , 
1954) In epithelial tissue a deficiency 
causes atrophy of the epithelial layer, fol 
loised by reparame proliferation of tlie 
basal cells with growth and differentiation 
into a stratified keratinizing epithelium 
The a\erage level of vitamin A m the 
blood plasma of nonnal young pigs 3 weeks 
to 4 months of age was found (Hentges 
cl al , 1952a) to be 23 ,ig per 100 ml and 
these values dropped to below 5 /ig per 100 
ml before visible vitamin A deficiency 
symptoms v\cre noted 

A minimum daily requirement of 25 
of purified carotene per kilo of body weight 
has been suggested (Hentges et al , 1952b) 
Suine efficiently convert carotene into 
vitimin A in tlie intestinal wall (Swick 
ct al 1952) The vitamin A is stored in 
the liver and Kupffers cells there is also 
«ome storage of vitamin A in the kidneys 
Apparently large amounts of vitamin A 
can be stored under some conditions, as it 
has been reported to take 20 montlis to 
deplete the reserves of a sow on a vitamin 
kdcficieiu diet (Uraude el al , 1951) 

Vitamin D 

Vitamin D, also known as the anti 
rachitic ficlor, functions in a number of 
ways in calaum and phosphorus metabo 
lism In addition to having an effect ondep 
osiiion of calcium and phosphorus m 
osteoid tissue, it also functions in absorp 
lion of calcium from tlie inicstuic, mam 
taming specific blood levels of calcium and 
pliosphorus and activating the pliosphatasc 
enzyme I he two most important forms of 
vitumn D irc vitamins Dj and D, Vita 
min Dj (irradiated crgosicrol or calciferol) 
IS produced by exposure of plant sterols to 
ultraviolet light and is present m sun aired 
rough igcs and irradiated ycasL \htainin 
I), (irradiated T-dehydrocholcsterol) is 
produced in the body on irruhation it is 
also picsent in fish oils and in animal 
products Swine use both types of vitimm 
D with equal efficiency 

In swine, vitamin D dcficiencv occurs in 
tlie northern climate's wlicrc there is t 
minimum cx|)osiuc to ulirivtukt riys 


The symptoms of deficiency (Johnson and 
Palmer, 1939, 1941) are loss of appetite, 
unthrifty appearance, rough haircoat and 
unusual lameness Blood plasma calcium 
values decrease from normal values of 10 
to 12 mg per 100 ml to 6 mg or below 
At tliese levels tetany is observed Pigs 
with rickets can be cured on exposure to 
the sun for 45 minutes a day for two weeks 
Colored breeds of pigs are more susceptible 
to a deficiency than tlie white breeds 
Excessive amounts of vitamin D may 
produce a toxicity whicli is cliaracterized 
by a hypercalcemia witli calcium deposits 
m the large blood vessels, especially the 
aorta and heart, and m the kidneys 

Vitamin E 

It is becoming increasingly apparent tint 
the physiological effects of vitamin E de 
pend on ns antioxidant properties There 
are several biologically active vitamin E or 
tocopherol compounds Of these, alpha 
tocopherol is the most active Vitamin E 
defiaent rations cause disturbances in rc 
production in laboratory animals, and 
various forms of muscular dystrophy, be 
cause It is required m the metabolism of 
skeletal and cardiac muculature 

It has generally been assumed Uiat a 
vitamin E deficiency will not occur m 
swinc However, investigations indicate 
that swine may be susceptible to a vitamin 
E deficiency under certain conditions Sows 
experimentally fed rations low- in vitamin 
L reproduced poorly, apparently as a result 
of death of embryos rather than of inter 
fercnce witli ovulation and implantation 
(Adarastonc et al , 1919) Pigs from die 
dcfiacnt sows were continued on vitamin 
h-dcficiciu diets and developed niuscnlar 
incoordination due to degeneration a”d 
iieo-osis of the muscle fibers In pigs, dis 
lurbinccs were produced when expcri 
mental rations containing various amounts 
of unsaiuraied fats were fed The pigs dc 
vcloped a yellow to yellowish brown piR 
mentation of the adipose tissue, dictl sud 
dciily, and showed lesions of aaitc hcinor 
thagic liver necrosis (Gorham et al , 1951, 
Davis and Gotham, 1951, Hove and Sci 
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bold, 1955) The symptoms were reduced 
or prevented with vitamin E 
A naturally occurring problem in pigs 
fed rations rich in cod liver oil was studied 
m Scotland (Garton and Naftahn, 1953) 
This condition was characterized by 
edema of the neck and abdomen and re 
sembled the exudative condition produced 
in chickens fed high fat diets deficient in 
vitamin E Likewise, in Siveden and North 
European countries a frequently observed 
problem occurs in pigs 3 to 6 weeks old 
that IS believed due to a deficiency of vita 
min E and the sulfur containing ammo 
acids (Obel, 1953) The characteristic 
symptoms are muscular weakness anemia 
and sudden death The outstanding path 
ology IS an extensive necrosis of the liver 
Also, noted less frequently is ulceration of 
the stomach and colon, waxy degeneration 
of the skeletal muscles, hemorrhagic lymph 
nodes, and pulmonary edema 
Vitamin £ is widely distributed m feeds 
Whole cereals, especially the germ part, 
and green forages are good sources The 
wide variety of feeds and feeding raetliods 
employed in swine operations would seem 
to indicate that a vitamin L deficiency may 
occur when large amounts of unsaturated 
fats are included in rations and thus m 
crease vitamin E requirements 

Vitamin K 

There are several quinone compounds 
that have vitamin K activity The most 
active is 2 methyl 3 phytyl 1, 4 naphilio 
quinone In vitamin K deficiency the pro 
thrombin level of the blood is decreased 
In swine Uiere is no evidence that a vita 
nun K deficiency is likely to be encoun 
tered under practical feeding and manage 
nient operations Accidental poisoning of 
pigs wiUi Warfarin, a derivati\e of di 
coumarin and an antagonist to vitamin K, 
has been observed to produce extensne 
subcutaneous hemorrhages on bruising 
(Clark, 1951) 

Thiamine (Vitamin Bi) 

Thiamine functions m carboh)dr'itc 
metabolism In a deficiency there is m 


complete carbohydrate metabolism, and 
pyruvic acid accumulates in the tissues 
The basis for most of the symptoms mam 
fested are believed due to this disturbance 
High fat diets decrease the requirements 
for thiamine 

Using experimental type diets the need 
for thiamine by young pigs was first re 
ported by Hughes (1940b) and Van Et 
ten et al (1940) The symptoms of a defi 
aency are marked inappetence, poor 
growth vomition diarrhea cyanosis of the 
skin and mucous membranes, and sudden 
death In more detailed studies TVinU-obe 
eial (1942a 1943a) . Folhs e/ a/ (1913), 
and Miller ef fl/ (1955) found cardiac di 
lation, slowing of the heart necrosis of 
the cardiac muscle fibers and pronounced 
electrocardiographic changes Ner\e le 
sions descnbed for this deficiency m die 
early work have not been confirmed 
Thiamine is not stable to heat, especially 
m the presence of alkali It is widely dis 
tnbuted m feeds sucli as the cereal grains, 
animal by products and brewers yeast It 
is unlikely that an uncomplicated thiamine 
deficiency occurs in swine except under 
experimental conditions 


Riboflavin (Vitamin Bj) 

Ribonavm 15 required by all living cells 
It IS a constituent of se\eral enz}ines and 
•unctions in oxidative processes whereby 
ood energy is made available to the cell 
\ deficiency affects especially the tissues 
>£ ectodermal origin A wide variety of dc 
Scency symptoms have been reported in 
.arious species, and llns would not be un 
•xoccled in view of die baste function of 
■ibonavm m cellular metabolism Cataracts 
if the eyes and dcrinatilis of die sbin hast 
>een noted m most spcacs 
fn swine the svmpioms and lesions invc 
jr^^^odcd b? I'lnglics 

I a/ nOlll. Lclircr and Wicsc 

;r 9 /»):and' Miller eVef (133.) They arc 

kiw growdi, vonnlion, cataracu 

and gait, eruption, soling and 
dccralinn of die sbin, and alopecia i 
lorniocylie anemia and niycliine degeii- 
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cration of nene tissue base been reported 
b) sescnl \sorkers In sows, a deficienqr 
causes a poor reproduction and lactation 
performance (Miller et al , 1953) In pigs, 
ihc requirements are increased m a cold 
environment (Mitcliell et al , 1950) 

Riboflavin is a water soluble jellotvish 
pigment it is stable to heat but is cic 
siroved readily bv visible or ultraviolet 
light The green leafy forages are good 
sources of nbollavin In contrast to 
Uiiaminc the cereals are ratlier low in tins 
vitamin 

Pantothenic Acid 

Pantothenic acid functions as a coenzyme 
in mail) bioclicmical reactions involving 
acciic acid and closely related two carbon 
fragments Thus, it is involved m ihe 
metabolism and sjnthesis of fats, carbo 
h)draics, and many other compounds 

Hughes and Itiner (1912), Wintrobe 
and associates (1912b, 19-I3b) , and Wiese 
et al (1951) studied the symptoms and 
tissue cJiangcs of a patuodicnic acid dcfi 
cicncy in )oung pigs The symptoms ob 
served ale inappctcncc, poor growth, diar 
rhci, coughing, loss of hair, and locomotor 
incoorduniion or * goose stepping ‘ (Fig 
19 I) riic clnractenstic necropsy lesion is 
an involvtnicni of the imcstmc. especially 
edema congestion and inflammation of 
the colon llisiologicil studies of the colon 



FIG 49 4 — Srmplomt of "goovo iltpptng ' ond 
locomotar 1/teoofd nation OKponmtnlally pro- 
dwetd by f»«ding a pontoiKenk ocid low to 
tion (Coorlaty Muh gon Agncullurol Eapsfl 
m«nl Sioilon ) 


show degenerative changes, lymphocytic in 
filtration, and hyperemia of tlie lamina 
propria In nerve tissue, degeneration of 
tlie peripheral nerves, posterior root gan 
glia, posterior roots, and die funiculi of die 
spinal cord are evident Detailed studies by 
Sharma dt al (1952) confirm the earlier 
findings, espeaally the lustopadiological 
changes m the gastrointestinal tract Re 
production lactation performance is upset 
when sows are fed pantodienic acid defi 
cient rations (Ullrey et al , 1955) 

Pantothenic acid is stable to heat and 
light and is available as the calcium salt, 
calcium pantothenate While it is widely 
distributed m swine feeds, concentrated 
natural sources are more limited dian some 
of the odier B complex vitamins Also 
symptoms of goose stepping,” whicli is a 
ciiaractensiic symptom of pantodienic 
aad dcfiacncy, liavc been observed under 
field conditions (Elder, 1935, Doyle, 1937) 
Thus a deficiency of pantodienic aad in 
pigs fed natural feedstuffs might be cn 
countered m die field (Luecke et al , 
1950b) 

Nicotinic Acid (Niacin) 

This was the first B complex vitamin 
demonstrated to be indispensable for swine 
Chick ct al (1938) in England discovered 
that a ' pellagra producing ’ ration, of 
vvlijcli coTtt was die dnef ingredient, pro- 
duced a severe diarrhea and dermatitis m 
pigs Nicotimc aad brought about a rapid 
and dramatic cuic The disease m pigs has 
been referred to as 'pig pellagra,' after iw 
counterpart of die disease m dit human 

Nicotinic aad is a component of several 
enzyme systems in oxidation rcdiiciion ic 
actions The amide of nicocinic aad is die 
physiological active com|>ound Ihus, a 
more proper name for the viumin is nico- 
(inanndc It is quuc resistant (o heat and 
dicrcfort stable m feeds 

RcjMiris from other laboratories soon fol 
lowcti Uic UrmsU rej>ort confirming the 
initial obvcrvaiions and cxieiulmg addi 
ttoiial informaiion on the imjKnuntc of 
niacin m iwine iiuutiion (M idisoii et al • 
1939. Davis et al , 1910, Hiiglici. 1913). 
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A deficiency of nicotinic acid in pigs is 
characterized by loss of appetite einacia 
tion severe diarrhea dermititis nervous 
disorders and anemia At necropsy marked 
pathological changes are noted in the in 
testiml tract (Dunne et al , 1919) The 
intestinal wall, especiall) die colon and 
cecum IS thickened friable and m'i> feel 
corky or pulpy The mucosa lining 
may be discolored and the colon contents 
so firmly adhered that they are difficult to 
wash off widi water (Fig 19 5) On micro 
scopic examination the mucosae of the co 
Ion and cecum show severe mucinous dc 
generation The goblet cells are distended 
with secretory fluid and necrosis is evident 
in most areas of mucinous degeneration 
The entire colon ma) exhibit a chronic 
inflammatory process with macrophagic 
Ijmphocjtic and neutrophilic infiltration 
Hemorrhagic lesions and congestion may 
also be present m the mucous lining of tlic 
stomacli and small intestine The mesen 
teric Ijmph nodes are usuall) enlarged and 
edematous 

NIACIN ANO TRYPTOPHAN 

In 1913 ^Vlntrobc and CO workers (I91 j) 
reported that a nicotinic acid deficiency 
could not be produced in young pigs fed 
a ration containing 26 per cent casein In 


oUier species it v\as noted that trypiojilun 
wlucii IS low in corn and m pellagra pro 
ducing diets would overcome a mcoiinic 
acid deficiency Thus it vs as soon tstil> 
lishcd (Lucckc et at , 1918 Powtek ct il 
1918) tint a similar rclitionsliip exists iti 
the pig since tryptophan an amim acid 
served as a precursor for nucin in tlic 
botlv Niacm is not converted lo trypto- 
phan In formulating swine raiicms as 
surance sliouhl be made that nncin sup 
plies aie adiqiiitc so that the more cx 
pensive and often limning snpplv of ir>|>- 
topli in IS used for protein sytiilusts and 
nut for svnthcsis of nnriii 
NIACIN AND NECROTIC ENTESItlS 

In 1910 Davis am! ft>v» irkcrs (Davis and 
Ircciiun 19 10 Davis ri il UIO) con 
eluded til n niroiinic acid vv is of consider 
ibic V due in the prcvcimon and cure of 
nccioitc enteritis an ilUlcfnud disease of 
pigs liclicvcd to be of mlcciious « ngiii 
Ihcv believed die disease to be secondary 
to a deficiency of mcoiinic acid Hus chs- 
CISC IS very prevalent in mon sv»inc raising 
areas and there was considerable inpjwii 
from pncticmg veterinarians that ninnmic 
acid was v iluable in treaiiM„ distuibaiiccs 
in pigs clnractcn/cvl bv nniluifnntv» 
l>oorgrov%di and digestive do wdcis 
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\\^orkcrs from ^VlSconsm (Fargo et al , 
1911) and Ohio (Edgington et al , 1912) 
could not confirm the obscrsalion that 
mcounic acid uas of value m pre\enung 
necrotic enteritis in pigs The Ohio work 
ers exposed pigs to SaUnonella choleraesuis, 
the organism commonly assoaated as a 
primary patiiogen m necrotic enteritis, and 
concluded tliat die protective value of 
nicotinic aad against S choleraesuis infcc 
lion was not sufficient to encourage its use 
as a spcafic preventive or curative measure 
In further work by Davis et al (1913), 
thc) noted Uiat nicotinic acid did not pre 
vent the pigs from reacting to S cholerae 
Slits infection, but following initial infec 
non It vsas effective m promoting rapid rc 
cov cry 

It would seem that in pigs there are 
two separate conditions that appear similar 
in chincal and padiological manifestations 
One IS a nutritional deficiency, pig pel 
lagra produced b) rations deficient in 
maciii and low m protein The other is 
1 sjiccific infection involving die digestive 
tract iNiacm is not of value in preveuUng 
the infcciion, however, due to the excessive 
losses of miiricnis, cspcaally protein and 
vitamins due to diarrhea, it may be of 
V duL in rcsioring the pigs to recovery It 
would seem dui niicm would hi\e a dual 
role in digestive disturbances (1) dm of 
the si>ccific functions of incolunmidc (2) 
in sjiaring iiypiophaii for sjnihcsis of iis 
sue protein and not conversion to niacwi 

AVAiuftiurr OF niacin in corn 

Evidence has ]Krsistcd dm corn has 
sonic ixjsiiivc or |>clla^ragcnic cfftci in 
die piotluaion ol jKllagra Iligh-corn 
low protein rations were used to protlticc 
nucm dcficiciicy in pigs A wide variaiioii 
in the seventy of s)inpioins has been noted 
in pigs fed the same niacin-dcfiCiLiit ration 
(Burroughs et ul , 1930) In addition to 
tiic iiyptuphin deficiency in corn and itic 
iiyptuplun niacin iiitcrrclattoiuhip 
another tclatioiulnp iiotcd by Kcxlnck et 
at (19ao) IS that nuciii in corn and |)cr 
haps other cereals is in an alLali labile 
iKiund form uiuvailabtc to die pig Ihcsc 


workers produced a nncin deficiency in 
pigs on a Jiigh corn ration and dien cured 
It by either supplementing niacm or sub 
jecting die ration to weak alkaline hydrol 
ysis 

This latter observation supports rccom 
niendations (Hofferd, 1936, Wilson, 19-10, 
Graham et al , l9-f5) as to die value of 
feeding rations composed of cereals (odier 
than corn) , espeaally oats, diat have been 
soaked in an alkaline medium as suppor 
live treatment for enteric infections in pigs 
Besides supplying additional niacin, sucli 
a ration would also supply additional 
amounts of some of the limiting amino 
acids (tryptophan and lysine) , minenls, 
and vitamins (Whitehair et al , 1918b) 

Pyridoxins (Vitamin Bq) 

PyaadoMne functions as an cnryinc in 
protein metabolism, espeaally in protein 
synthesis 

A deficiency produced experimentally in 
sv\ine lias been described by Hughes and 
Squibb (1912), Wintrobe et al (1913c), 
and Lchrer et al (1951) It is cliaracicr 
ucd in pigs by poor growth, diarrhea, a 
severe microcytic hypochromic anemia, 
convulsions, ataxia, and fatty infilintion 
of the liver Preceding die epileptiform 
convulsions tlic pigs arc usually excited 
and nciaous On histological examination 
thcic IS evidence of dcmyclinization of the 
bradiia!, sciatic and peripheral nerves 
The anemia is believed to be due to a 
disturbance m the uiih/ation of iron 

A deficiency of pyridoxinc in pig* 
somewhat difficult to produce It is widely 
dtsmbuicd in substantial aniounlsiii feeds 
and a deficiency under iisu d swine ranmS 
operations vvould not be c\|K:ctcd 

Cyanocobalamln (Vitamin Bj-) 

It v\as csiabhshetl in the early 1910 s that 
viihtn svsitic wcic maintaiiictl under dry h’t 
conditiuns and fed an all plant lyjJC of ra 
Hull, a factor found m Iivh meal, h'cr, 
meat scraps whey, imIL, and other aium-iJ 
pKxlucts rcipnird for opnnmin 

^tuwdv, icpnxhiciion, ami laciation nii» 
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factor became known as the animal protein 
factor (APF) 

In 1947 the factor in liver which was 
effective in treating pernicious anemia in 
the human was isolated and named vin 
min Bi 2 Shortly thereafter it was estab 
lished that this was the same as the long 
sought after animal protein factor In 1955 
the chemical structure was determined 
and the chemical name, cyanocobalamin 
applied Several closely related compounds 
have vitamin B 12 activity 

The specific function of vitamin Bja Ins 
not been determined In the human it is 
required in erythropoiesis to prevent 
megaloblastic anemia and nervous disturb 
ances associated with perniaous anemia 
It functions, probably as an enzyme, in die 
synthesis of nucleic acids and methyl 
groups Evidence that it functions in 
transmethylation and in protein utilization 
has largely been disproved (Henry and 
Kon, 1956) Vitamin B 12 is synthesized m 
die normal intestinal tract — presumably 
in the colon Apparently there is a wide 
range of variation in the intesunal absorp 
tion (Jerzy Glass et al , 1956) Under ex 
perimental conditions a vitamin Bj-> defi 
ciency has been produced in ilie pig (Ncu 
mann et al, 1950, Baunedel et al , 1951) 
However, the importance of vitamin Bjj 
in practical swine nutrition remains uncer 
tain Numerous workers (Nesheim et al , 
1950 Anderson and Hogan, 1950, Vohs et 
al , 1951, Catron et al , 1952, Luccke ct al , 
1950a, Robison, 1953) have noted a re 
spouse in pigs maintained m dry lot and 
fed basal rations composed mainly of corn 
and soybean meal Odier workers (U^’^y 
and Ensminger, 1950, Blight et al , 195- 
Burnsulc ct al , 1951. Hcidebrccht ct al , 
1919, Meade, 1956b) have not observed 
any response to vitamin Bu supplcmcn 
tation Burnside and associates maintained 
pigs in dry lot and fed 1 basal riiimi of 
corn, soybean meal, and alfalfa meal Thev 
found vitimm B 12 of little or no help m 
increasing the rate of gam, feed cllicicncy, 
hcnioglobm, phsma protein, or digest 
tbiliiy. Tlic discrepancies between various 
cxjicrimciiis probably depend on die type 


of ration fed and the previous storage of 
vitamin B 12 , the healtli status of die diges 
tive tract intestinal synthesis and whether 
or not the pigs have access to tJieir feces 
In the pig die requirement has been 
given as less than 5 fig per Ib of ration In 
the human the requirement for mainicn 
ance and good healtli is 1 fig or less a day 
anda deficiency is nearly always secondary 
to disease of the alimentary tract” (Witts, 
1956) For sows during reproduction lacta 
non adding a small amount of animal pro 
tein would be cheap insurance against a 
vitamin B,o deficiency 

Fermentation residues are widely used 
as a practical source of vitamin B ,2 It was 
observed in 1919 diat the response in pigs 
to certain residues was greater than could 
be explained on die basis of vitamin B,- 
alone The added response was found to 
be due to residues of aniibioiics m the 
fermentation products 


Meroylglutamic Acid (Fohe acid) 

Folic acid IS required in crvdiropoicsis 
riic physiologically active forms of the 
itamin are referred to as fohnic acid ind 
itrovorum factor Using synthetic tvpe 
•ations and a folic acid antagonist, 1 
Icficicncy has been produced m die pig 
(tolinson ct al, 1918). it is cliaracicr.tctl 
ly poor grotvtli. ttcaUcss. tliarrliLi, and a 
lormoqlic anemia Supplementing ctcli 
iinplc rations Mtlli folie acid lias not ira 
, rosed grots til, reproduetton, or lactii ion 
ind a deficiency under practical feeding 
.pcralions ssould not be expected folic 
,ad IS ssidcly dislribulcd in animal ind 
rxrncliicLs. csRCCiallv crccii Icaf) fcctli 


bioim dcficKiicy has been produced 
« l» feeding a rai.oii con)j>oscd ol 
reent dried egg white to -/‘I* 

1 111 an insoluble coiuidex (Cunlu 
191U) It has alM> l>ccn ptoduccvl 
\cccrul>. tmng s)«dictic i>j»c of 
. (Lellicr r, ll . 19a.-) Urbeen^ 

:o, ns include alo,Kc.a ^ 

ICIOII of die skill. IIU.IICIIS of tlir 
iransseisc rraik.ug and bl.xsl 
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mg oE the feet, and inflammation of tlie 
mucous membrane of the mouili Biotm 
IS s)ntliesized m the intestinal tract. It 
IS ssidcl) distributed in feeds, and tliere is 
no evidence that a deficiency may occur 
under farm conditions 

Choline 

Choline is a component of lecithin, a 
phospholipid, and is concerned m fat as 
similaiion and transport — a deficiency pro 
duces a fati) liver (Johnson and James, 
1018) Choline is interrelated with meth 
loninc, cystine, and betaine, and tliese 
compounds can to a certain extent replace 
each other m rations It is unlikely that 
a deficiency would occur using practical 
swine rations 

Additional Growth Factors 

Additional growtli factors, such as in 
osiiol and para aminobenzoic acid, have 


been identified, but no need by swine has 
been established Vitamin C is not re 
quircd by swine (Hughes ct al , 1928, 
Grummer et a/, 1948) From time to ume 
additional factors from crude sources such 
as “whey factor," "grass juice factor,” ‘ fish 
solubles factor,’ ‘alfalfa factor, ’ etc, are 
proposed Additional researcli is required 
to establish tlie importance of bodi known 
and unidentified nutrients for swine, dur 
mg reproduction and lactation Numcr 
ous investigators have demonstrated nutri 
uonal inadequacies in rations fed to sows 
during reproduction and lactation (Hogan 
and \rcRoberts, 1910, Ross ct al , 1911, 
Gv^atkin and Plummer, 1918, Fairbanks ct 
al , 1915, McHlroy and Draper, 1950) Ad 
dttional information is likewise needed as 
to the interrelationships not only between 
various nutrients but also between stress 
factors, diseases, .and environment 
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chapter 50 


HOWARD C H IvERNKVMP DVM MS 
Vt iversily of Minnesota 


Parakeratosis is a disease of the skin More 
especially it is a disease of the epidermal 
layer of the skin Parakeratosis is a sub 
acute chronic noninflammatory and self 
limiting disease that usually terminates m 
complete recovery Early in its clinical 
course small papules develop in the skin 
of the ventral abdominal v/all and medim 
surface of the thighs Later it is marked 
by hard dry crusted proliferations on t le 
distal parts of the legs tail ears face 
shoulders thighs and sides of the ^ 
The disease occurs most often in pig* ® 
tT\een the ages of 7 and 20 iveeks It ** 
a metabolic disease in which the essentia 
fatly acids appear to have an eiiologica 
role of fundamental importance 

The term parakeratosis ivas suggested os 
a name for this disease by Kernkamp an 
Femn (1953) The marked accumulati 
of the desquamating cornified 
the epidermis in whicli many of i le n 
are retained and in whicli there ire 
of kei-atohyalm granules .s 
actenstic tissue alteration These o 
constitute a basis for the use of ic 
parakeratosis Kernkamp and Ferru 
observed this disease in 
year since 1942 and have Io°ked up 
as a disease entity for most of tlia , 

More and more since 1910 nro- 

nutrttionists husbandmen ond svvi i 
dnccrs have been cognizant of t P „ 
of a disease of die skin of I, ^lar 

particular that vias not tjpical on 
actcristic of diseases more fainihor 

[*49 


Parakeratosis 


During this period reports from several 
agricultural experiment stations contained 
references to the occurrence of a disease 
of the skin of swine whicli developed in 
connection with experiments These ex 
periments were designed to study the 
oualitative and quantitative values of ra 
ttons compounded from various dietary 
substances The descriptions and/or illiis 
trations of the skin disorder leave little 
doubt tliat It was parakeratosis Hogan and 
lohnson (1011) called attention to the 
occurrence of a heavy brown exudate on 
the skin of some of the pigs they were 
feeding Keith cl al (1042) described their 
cases as a dcrmatms and suggested the dis 
ease be known as epidci midosis because 
only the epidermal layer of the skin was 
mvolved Krider cl al (191!) used ite 

term elephant hide to denote die lliick 

haish and dry nature of the skin Accord 
llL m Cunhaclof (1011) .he lesion rep 
refenicd an exudate on the skin surface 
:."7Zsa,al (101!) referred to .1 as a 
dermatosis. It was called ‘rabby skm by 

Robinson (1918) and scaly ski by 
LehrerandMiesc (I9a2) M itz and llccson 
flOal) referred to the disease dicy |iro 
Sin pigs b, means of fat dcllcient 
fhets as scaly dandruff , 

Mohicr (1911) described a 
tlic skin of swine whicli he called clcpf n 
oJl,s Mdlaawlos, The disease imolvc 
aTor p4.s of the body surface 1 he sk n 
Tsald to have been iinicl. thicker an 
™^er than norma, and to have lur.i.cd 
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deep Avnnkles on the head, neck, and sides 
of the body Sebaceous material and debns 
lodged in these creases Mohler claimed, 
tint the disease svas not of i contagious 
nature It is \er> probable that the pigs 
were afTccted with tlie same disease as is 
described here 

Parakeratosis is widespread in North 
\mcrica Reports of its occurrence ha\e 
been rcccised b) the writer from all sec 
lions of the United Slates and from many 
parts of Canada Stevenson and Earle 
(195G) reported the occurrence of this dis 
case in England Denmark, and Sweden, 
and Perpere and Placidi (1956) observed 
It in France 

Generally speaking, parakeratosis is more 
prevalent in winter and early spring m 
regions where the atmospheric temperature 
reaches zero and subzero values at these 
times of die year It has been the obser 
vation of persons familiar with die disease 
that It occurs much less frequently among 
PIqS whose diets include pasture grasses 
ETIOLOGY 

I he etiology of parakeratosis appears to 
be involved in a metabolic relationship of 
cdcium and zinc and a relative deficiency 
of tssemnl fatly acids The relation of high 
calcium rations to its occurrence as well as 
the bcncficiil therapeutic cUccis that have 
follovseil the supplement d feeding of /me 
vdls w IS rejKiried by hriiugir (1935), 
linker and bilimin (1953) IloeUiri 
(1933). Lucckc cl <il (193G), and Steven 
son and Karle (PbO) Subsequently, Han 
son and Sorensen (1957) cimed on studies 
Vs Inch suggest tint p irakcratosis is closely 
rchted to an essential fatty acid deficiency 
I he dcficicncv is a iclaiivc dcncicncy 
i\hich. accoiding to these* vsorkers, arises 
as a tcsult of an incieased need fur these 
acids by die rapidly growing pigs Tlicy 
l>oint out that several ditfeient factors or 
circunutances contribute to the over ill 
etiological as{>ccts of this disease It should 
l>c noted, dicv say, (hat parallel v«>th Uic 
occuiTcncc and tecognition of the disease 
cuiuidciabic advances vvcic being made in 
iiuirasing the gtowtii rates of pigs through 
the development of new btccds and strains 


At the same time, rapid advancements in 
the area of nutrition and dietary supple 
meats was taking place The addition to 
the diet of vitamin B ,2 and of some anti 
biotics resulted in significant growth stimu 
lation m many instances 

Hanson and Sorensen make a point of 
die fact diat swine rations in general arc 
low m lipids and especially lipids of the 
unsaturated fatty acids While it appears, 
widi few e\ccptions, that pigs can syndic 
size all the lipid constituents required by 
the body from non lipid material — carbo 
hydrates and proteins — it also appears that 
during periods of e\tremely rapid growth, 
the biosynthesis of die unsaturated fatty 
acids does not keep up with their need 
Parakeratosis was readily produced in the 
pigs that had die ability for rapid growth 
and that were receiving a ^owthpro 
moling ration At die same time it was 
prevented in anodicr group of comparable 
pigs receiving the same ration except that 
u was fortified with a higher proportion 
of fatty acids 

The interrelationships and mcclnmsms 
of the action between the minerals and 
fatty acids should be considered in the 
overall picture of die etiology, but as yet 
these have not been adequately investigated 
and they require furtJicr study 

CLINICAL SIGNS 

The sympiom which diaracicrizcs para 
keratosis is the development of keratinous 
crusts on the surface of the skin They 
represent the final stage of development of 
the lesion (tigs 50 1 and 50 2) 

In the very early phases of die disease 
die lesion is a more or less circumscribed 
crytlicmatous area in die skin This »i 
lowed by a circumscribed elevated area, 
^3 inm in diameter vsluch is soon over 
laid v\nh scales These occur niosl com 
inonly on the ventral and vcnirolaicial 
surface of the abdomen and medial surface 
of the thigh The micult and 
stages aic of rchiivcly short duraMon and 
|M.« (|uickly to stages v^lucli more definitely 
characterize the divcisc I he jiastcrn, fet 
ItKk, knee, and hock regions of the legs 
aic aicas v\hcrc die keratinous crusi* 
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usually occur early and are the first clinical 
evidence of the disease that can be noted 
without catching and restraining tlie pig 
for examination at close range In some 
cases crusts occur on the tail, ear, shoulder 
hip, or thigh at an early period In still 
others, keratinous lesions occur early in 
ttvo or more of these sites or regions simul 
taneously The lesion fails to extend mucli 
beyond its original locus in some pigs but 
in most cases it spreads until it affects a 
large area of the body The entire body 
surface is involved in some cases 


It is not uncommon to find a symmetn 
cal distribution of the lesions For example 
if the hock and cannon regions of the left 
leg are involved the hock and cannon 
regions of the right leg will be involved 
Likewise if an area of the abdominal wall 
on the right side is affected a similar area 
and location on the left side will be af 
fectcd 

The crusts fissure and crack to form 
hummocks of keratinous epidermal tissues 
of various size and shape They sometimes 
measure 5-7 mm in thickness and as a 


FIG 50 1 — Keratinous 
crust* on skin of pasterns 
fetlocks hocks, thigh, and 
w thers 
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rule, are not firmly attached to the under- 
lying cutaneous structures. The free sur- 
face of the hummocks is dry, horny, granu- 
lar like and rough. The hairs are often 
entangled and matted in the proliferated 
tissue and, as a rule, tliey do not break olf 
or pull out easily. The crusts can often be 
crumpled and removed from the skin by 
slight rubbing vvidi the lingers and thumb. 
They are not scales or flakes and do not 
form branny layers. They are not greasy 
except where die exudate of some infec- 
tive process acting on some of the under- 
lying cutaneous structures creates a mois- 
tened tissue aggregate. 

The fissures or cracks often contain a 
moist, somewhat sticky, brownish black 
substance — an admixture of sebum, par- 
ticles of soil, litter, and other debris. In 
some cases, die derma at the bottom of a 
fissure becomes inCecicd and produces a 
very localized inflammatory reaction. This 
Is a secondary change which complicates 
the existing disease The lesions of para- 
keratosis per se do not cause the patient 
much discomfort or distress. There is a 
minimum of rubbing and scratching. 

Usually, die feed intake of pigs that arc 
rather severely affected with the disease is 
markedly reduced In line with this die 
r.itc of gam in weight is impaired or there 
may be a weight loss. On the other hand, 
in the less severe or extensive c.ises a good 
appetite is remined and die rate of gain 
may continue in a satisfactory manner. The 
fcccs of some pigs affected with parakera- 
tosis may be soft and of a consistency that 
is often referred to as a scour. 

'I he clinical coune of the disease varies 
with the extent and severity of the involve- 
ment and vvith conditions and circum- 
stances that pertain to die diet. Complete 
recovery of some mild and even moderately 
severe cases has occurred in from 10 to |1 
days without any change in the diet or 
managcmcnL By the same token severe 
cases have cleared up in 50 to 1j days. Loss 
by death from dus disease is an exception- 
ally rare occurrence. Economic loss due lo a 
tetardatiun of grovsdi is directly related 
to the severity of the disease, the cost of 


feedstuffs, and the time diat it takes to 
effect a satisfactory recovery. 

PATHOLOGICAL CHANGES 

Since die gross pathological changes that 
occur in this disease are confined to the 
skin, they have been discussed in connec- 
tion with a description of the clinical 
signs. In a full-blown and typical case of 
parakeratosis the histopathology of die 
skin shows that die disturbance involves 
die epidermis in particular (Fig. 50 4) . 
Excepting the stratxim luetdum, there is a 
marked increase in all of the epidermal 
elements. The crusted masses on die outer 
surface of the skin are composed of a large 
accumulation of the cornified epithelium 
— stratum conreiim — diat are sometimes 
arranged in definite layers but more often 
in irregular masses and/or conglomerations 
of layered and irregular masses. A cliar- 
actcnstic feature is the presence in this 
outer layer of epithelium of many nuclei 
and collections of keratohyalin granules. 
Another important alteration is an increase 
in the number and lengdi of the rcie pegs 
that dip down into the derma portion of 
the skin. 

DIFFERENTIAL DIAGNOSIS 

It is important to differentiate between 
parakeratosis and other disorders of tlic 
skin widi which it might be confused. 
Parakeratosis is most often mistaken for 
sarcoptic mange. The early lesions of 
mange arc reddened papules or sometimes 
vcsidcs that are covered at first by dry, 
brnnlike scales and later by a dark-brown 
crust. In severe cases die skin becomes 
thickened and deploys in large folds. The 
lesions usually occur around the cars, 
medial surface of the diigli, or sides of the 
body. From here they spread to cover larg*^ 
areas of the body. The activities of 
mange mites produce an intense irritation 
of the skin and cause die pigs to rub or 
scratch themselves vigorously against any 
fixed objects they can contact, sucli as posU» 
(ceding and watering utensils, and corners 
of buildings. The condition may progress 
to the point of causing cacJicxia and death. 
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If the disease is mange, an examination of 
suitable skin scrapings will reveal the 
presence of the parasite Sarcoptic mange 
and parakeratosis may occur simuitane 
ously 

‘Greasy pig disease,’ or exudatue epi 
dermitis, is also confused with parakcra 
tosis This disease, however, usually occurs 
in )ounger pigs than are affected by para 
keratosis and is characterized by a more 


greasy exudatue surface flic rancid dis 
agreeable odor of exudatue cpidcnmtis is 
not common in parakeratosis 

TREATMENT 

A first and earlv matter for considtra 
non in connection uiiii the tliciapeutic 
management of pigs liTccted iMih pari 
keratosis is to ascertun the composition 
of the diet they are piesciuh rcccuiiig and 



FIG 50 3 — Normal skin 
from region of thigh The 
obsenee of nuclei In the 
cornified layer (stratum 
cornoum) is conspicuous 



50 4 — Parakerat 
»Vin from region of ihi 
ino cornified layer is 
itgularly thickened 
^°ny nuclei, much kt 
Iflpolln molorlol, 
°»bns are within it t 
Ihoi the long 
Pegs of ihe Malpigl 
Py«r dip into the dor 




654 Section VIM NUTR/T/ON, f££DS, AND MANAGEMENT 


the length o£ time Uiey hate receited it 
prior to the onset of the disease Special 
emphasis should be giten to tlie proper 
lion of calcium in the dieL If tlie calcu 
lated letcl of calcium is 1 per cent or more 
it IS imperatue tliat the ration be changed 
so that the let el of calcium is bettveen 
OGo and 0 75 per cent There is consider 
able evidence to show that diets high in 
calcium aggratate this disease Rations tliat 
tsill suppl) approximately 12 lb of cal 
ctum per ton of feed ttill furnish it at the 
rate of about 0 60 per cent It is advisable 


also to supplement the ration tvitii a zme 
salt at tlie rate of 0 02 per cent This re 
quires that 0 4 lb of zinc carbonate or zinc 
sulfate be added to a ton of feed Where 
prompt and speedy curative results are 
desired, it would be advisable to add to 
the ration a soybean oil that contains tlie 
essential fatty acids A refined product 
containing 54 per cent of linoleic aad pro- 
duced some very satisfactory results when 
mixed into die rauon at the rate of 20 per 
cent by weight It should be made up 
fresh every day to avoid rancidity 
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CHAPTER 51 

Feeds and Feeding 


The major function of suine on American 
farms is the con\crsion of products of the 
farm into high value items for luiman con 
sumption The swine producer CNpects to 
realize a profit from the process In most 
manufacturing enterprises, the net return 
to the manufacturer is determined by the 
difference between the cost of production 
and tile selling price This is true of the 
business of swine raising Unfortunately, 
too many swine producers show more in 
terest in the price tlicy expect to get for 
their market animals tlian they do in the 
cost of producing those hogs The pro 
ducer actually has little control over die 
price he gets on tlie market, while he can 
exert considerable influence on the cost ol 
producuon It should be noted that feed 
costs make up about 79 per cent of tlie 
total cost of producing hogs for slaughter 
This fact makes it obvious that, since the 
cost of the feed invested in every 100 lb 
cf live hog marketed represents sucli a 
large proportion of the total investment 
*t IS extremely important that the fee 
cost be kept at a minimum This can be 
done by feeding rations which are 

1 Balanced nutritionally for the parucu 
lar class of swine being fed 

2 Compounded from ingredients which 
are palatable and safe to feed 

3 Compounded from ingredients wlucn 
supply their particular nutrients most 

economically ,, 

Composed of ingredients which will 
not produce an inferior product 


Swine are quite efficient in their conver 
Sion of feed into body gam, being excelled 
only by broiler cliickens Growing pigs 
require considerably less feed per pound of 
gam than do calves or lambs It is not un 
reasonable to expect ivellbred pigs fed a 
balanced rauon to make a pound of gain 
from less than three pounds of feed, on the 
average, during the period J>etvveen wean 
ing and the attainment of 200 lb live 
weight 

balanced rations 

A numtionahy balanced ration is one 
ivhich supplies all the nutrients required 
be an animal in such proportions and 
aLunts as to provide for -naximum pro 
duction and witli a minimum of nutrient 
wastage Modern knowledge of the nutri 
e„i rVirements of swine together wi* 
the aSilable information concerning die 
nutrient content of feed ingredients makes 
It possible to formulate rations which give 
excellent results Even today, however, the 
excellent -nmnlete The requirements 

fortdWdentified nutrients for all classes of 
meiM not known, and there are appar 
nv ^me requned numuonal factom 
hth toe not been identified but wliicli 
""'ned in natural feedstulfs such as 

toreme“Tmponaucrof proptr 
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rations in dry lot to groups of weanling 
pigs which averaged 51 lb at the begin 
ning of the trial The tliree types of 
rations were typical of tliose fed in 1910 
1930 and 1953, respectively The 1910 ra 
tion was composed of 97 per cent ground 
yellow corn and 3 per cent minerals and 
included vitamins A and D although they 
were not known in 1910 The ration fed 
m 1930 was composed of ground yellow 
corn dry rendered tankage, minerals and 
vitamins A and D The ration typical of 
1953 included ground yellow corn, solvent 
process soybean oil meal, dry rendered 
tankage, linseed meal, alfalfa meal, mm 
erals vitamin Dj vitamin B 12 pantothenic 
acid niacin, choline folic acid, and an 
antibiotic feed supplement The greatest 
contrast in efficiency of feed utilization was 
between the 1910 and the 1953 ration 
The pigs fed the former required 12 1 bu 
of corn and 21 lb of minerals per 100 lb 
of gam, while those fed the latter required 
only 3 2 bu of corn and 52 lb of supple 
mental feeds to produce 100 lb of gam 
The pigs fed the more modern ration also 
gained faster 

NUTRIENT REQUIREMENTS FOR SWINE 
Table 51 1 presents the nutrient re 
quirements for swine as they were sum 
marized by the Committee on Swine Nu 
trition of the National Research Counal 
(Beeson et al, 1953) Requirements are 
presented for the nutrients for whicli there 
are reasonably reliable quanutative data 
given in the literature 

Quanutative data for some of the nutri 
ents required by swine are not known 
This IS particularly true for brood sow« 
performing die functions of gestauon and 
lactation As new data become available 
modification and extension of the present 
requirements will be possible 

Nutrients which are labile in mixed 
feeds probably should be provided at 
levels somewhat higher lliaii are given in 
the table if the feed is kept 111 storage The 
requirements for swine of the essential 
ammo acids and die trace minerals will be 
discussed later 


SOME IMPORTANT FEED INGREDIENTS 

Swine have digestive tracts which are 
limited in capacity as compared to cattle, 
sheep, and horses Because of this it is 
impossible for them to make efficient use 
of relatively large amounts of roughage 
This means diat most classes of swine 
should be fed rations which are concen 
trated — rations whiclr are ncli in digest 
ible nutrients and low in fiber Sucli 
rations are built around die cereal grams, 
with corn being die one most widely used 
The cereal grains are high in their con 
tent of readily available energy but they 
have serious nutrient deficiencies In order 
to formulate a balanced ration using gram 
as the major ingredient, it is necessary to 
include a combination of feedstuffs to 
supply die nutrients in which the gram is 
deficient 

Corn gram is an excellent source of 
energy The fiber content is quite low even 
when compared with the other grains 
The protein content of corn is low and 
the quality of the protein is poor because 
of die low levels of the two essential amino 
aads, lysine and tryptophan Com is quite 
deficient in calcium and is only a fatf 
source of phosphorus Corn is also defi 
aent in its content of salt, vitamin D ribo 
flavin, pantothenic acid, choline, and 
vitamin Bj^. Yellow corn is a fair source 
of carotene 

Oats are considerably higher m fiber 
than corn and because of this are not the 
equivalent of corn m rations for younger 
pigs when, used as the major grain How 
ever when the proportion of oats is hm 
ited to not more than 25 per cent of the 
oimplete ration and when full advantage 
IS taken of their higher protein content 
oats are equivalent to corn pound for 
pound Oats are quite low in calcium and 
only fair in phosphorus Oats contain 
litde if any carotene or vitamin D and are 
a poor source of riboflavin This gram is 
a fairly good source of both pantothenic 
aad and choline supplying about twice 
the amount of each that is contained m 
com Oats are very low m vitamin Bj-* 
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rations m dry lot to groups of weanling 
pigs which averaged 51 lb at the begin 
ning of the trial The three types of 
rations ^vere topical of tliose fed m 1910, 
1930 and 1953, respectively The 1910 ra 
tion was composed of 97 per cent ground 
yellow corn and 3 per cent minerals and 
included vitamins A and D although they 
were not known in 1910 The ration fed 
in 1930 was composed of ground yellow 
corn dry rendered tankage, minerals, and 
vitamins A and D The ration typical of 
1953 included ground yellow corn, solvent 
process soybean oil meal, dry rendered 
tankage, linseed meal, alfalfa meal, mm 
erals, vitamin D^, vitamin B 12 pantothenic 
acid, niacin, choline folic aad, and an 
antibiotic feed supplement The greatest 
contrast m efficiency of feed utilization was 
between the 1910 and the 1953 ration 
The pigs fed die former required 12 1 bu 
of corn and 21 lb of minerals per 100 lb 
of gam, while those fed the latter required 
only 5 2 bu of corn and 52 Ib of supple 
mental feeds to produce lOQ lb of gam 
The pigs fed the more modern ration also 
gained faster 

NUTRIENT REQUIREMENTS FOR SWINE 

Table 51 1 presents the nutrient re 
quirements for swine as they were sum 
manzed by the Committee on Swine Nu 
trition of the National Research Counal 
(Beeson et al , 1953) Requirements are 
presented for the nutrients for which there 
are reasonably reliable quantitative data 
given m the literature 

Quantitative data for some of the nutri 
ents required by swine are not known 
This is particularly true for brood sowi 
performing the functions of gestation and 
lactation As new data become available 
modification and extension of the present 
requirements will be possible 

Nutrients which are labile in mixed 
feeds probably should be provided at 
levels somewhat higher tlian are given in 
tlic table if llie feed is kept in storage The 
requirements for swine of tlie essential 
ammo acids and die trace minerals will be 
discussed later 


SOME IMPORTANT FEED INGREDIENTS 

Swine have digestive tracts which are 
limited in capacity as compared to cattle, 
sheep, and horses Because of this it is 
impossible for them to make efficient use 
of relatively large amounts of roughage 
This means that most classes of swine 
should be fed rations which are concen 
trated — rations whicli are ricli m digest 
ible nutrients and low in fiber Such 
rations are built around the cereal grains, 
with corn being the one most widely used 
The cereal grains are high in their con 
tent of readily available energy but they 
have serious nutrient deficiencies In order 
to formulate a balanced ration using grain 
as the major ingredient, it is necessary to 
include a combination of feedstuffs to 
supply tlie nutrients in which the gram is 
deficient 

Corn gram is an excellent source of 
energy The fiber content is quite low even 
when compared with the other grams 
The protein content of corn is low and 
the quality of the protein is poor because 
of the low levels of the two essential amino 
aads, lysme and tryptophan Com is quite 
deficient m calcium and is only a fair 
source of phosphorus Corn is also defi 
aent in its content of salt, vitamin D rib<> 
flavin pantothenic acid, clioline, an 
vitamin Bja Yellow corn is a fair source 
of carotene 

Oats are considerably higher m fiber 
than corn and because of this are not the 
equivalent of corn in rations for younger 
pigs when used as the major grain How 
ever, when the proportion of oats is hm 
ited to not more than 25 per cent of tlie 
complete ration and when full advantage 
IS taken of their higher protein content 
oats are equivalent to corn pound for 
pound Oats are quite low m calcium an 
only fair in phosphorus Oats contain 
little if any carotene or vitamin D and are 
a poor source of riboflavin This grain is 
a fairly good source of both pantothenic 
acid and choline, supplying about twice 
Uie amount of eacli that is contained m 
corn Oats are very low in vitamin Bjs 
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In sections of the country where the 
growing season is too short for corn to 
mature barle> is often used as the major 
grain for s\sane feeding Barley is almost 
half again as rich m protein as corn, but 
ns protein is not of good quality Barley 
IS miidi higher in fiber tlian com and 
therefore is not equal to corn m feeding 
\alue e\en though it is higher in protein 
Barle% is deficient m calauin but is a fair 
source of phosphorus The gram is \ery 
low in carotene, vitamin D, and vitamin 
Bi 2, and is poor m riboflavin contenL The 
pantothenic acid le%el of barley is not 
much higher than that of com, but barley 
IS a good source of clioline Growing and 
fattening pigs self fed free clioice on barley 
sometimes tire of it after several months 
^Vheat IS an excellent grain for swine 
feeding, but wheat of milling grade is 
usually too expensive to be used cconomi 
cally as a feed Wheat is worth slightly 
more per unit weight than corn It is 
inucli riclicr in protein tlian corn and its 
protein is of somewhat better quality As 
with barley and oats, wheat is a very poor 
source of carotene, vitamin D, and vitamin 
Bi 3 Wheat IS quite deficient in calcium 
but IS a fair source of phosphorus This 
gram is low in noflaviii but is a good 
source of pantothenic aad and dioline 
Tlic high protein feed ingredients use 
ful m swine feeding arc usually classified 
according to origin those of plant origin 
and those made from animal materials m 
eluding fish b) products and milk b) 
products The most commonly used plant 
protein supjjlemcnis are so)bcan oil meal, 
coiionsccd meal, and linseed meal The 
solvent process of extracting oil from Uicsc 
oil bearing seeds is the mciliod most v\idcl> 
used toda) 

So}bcan oil meal is tlic most popular of 
the ilircc because it is rich m proitm of 
excellent (juahty and is v%cU liked b} 
suinc Ilovscvcr. vo)bcan ot! meal has 
ccriain nutrient deficiencies v>hidi must be 
noted when it is used m a ration with 
grain The cilcium level is low It is 
quite deficient in salt and iiu) be some* 
vvliai dcficieiu in ihe csseiKial iiuino aud. 


methionine Soybean oil meal is fairly nch 
m phosphorus This meal supplies little if 
any carotene, vitamin D, and vitamin B12 
It IS a fair source of nboflavm, a good 
source of pantothenic acid, and is rich m 
choline 

Soybean oil meal must be properly 
cooked if It IS to have its maximum feed- 
ing value The meal is so palatable to 
sivine that they often eat more than is 
necessary to balance the ration for protein 
when It IS self fed free choice with gram 
Soybean oil meal is used as a supplement 
to grain to raise tlie level of protein, to 
improve tlie quality of the protein in the 
ration, and to increase the levels of pan 
tothenic acid and choline in the ration A 
dehulled soybean oil meal is available 
which is higher in protein and lower m 
fiber than the standard solvent process 
meal 

Cottonseed meal often contains toxic 
amounts of a poison called gossypol How 
ever, low gossypol cottonseed meals are 
available which can be fed with no danger 
of poisoning The protein of cottonseed 
meal is of poor quality and it should not 
be used as die only source of supplcmcn 
tary protein in swine rations It is satis 
factory, liowever, in supplemental mixtures 
which contain animal protein sudi as meat 
scrap Cottonseed meal is quite deficient in 
carotene, vitamin D, and vitamin B12, as 
well as m calcium and salt This meal is 
quite rich in phosphorus It is a fair 
source of riboflavin, a good source of pan 
toilicnic acid, and an excellent source of 
clioline 

Linseed meal is quite popular with 
some swine feeders for certain rations be 
cause of its slightl) laxative effect and be 
cause It tends to increase tlic glossiness of 
the hair coat Linseed meal provides pro 
tern of Old) fair qualuy and sliould be fed 
ui combination with protein supplements 
sudi as meat scrap or fisli meal Linseed 
iiiual IS fair in calcium content and has a 
rclattvcl) liigh phosphorus level It suj>- 
phts little if ail) carotene, vitamin D, ^nd 
vitamin IJ,, It also is lacking m salt I he 
riboflavin level of this me il is fur a» ** 
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the level of pantothenic acid It is not as 
ndt in clioline as soybean oil meal or cot 
tonseed meal 

Cottonseed meal and linseed meal are 
usually included in a ration to increase 
die protein level and to improve the 
quality of tlie protein mixture somewhat 
Since these meals are richer thin the 
grains m riboflavin, pantotlienic acid and 
choline, their inclusion in the mixture 
raises the level of these factors in the ra 
non 

Whole milk is usually too expensive to 
use as a swine feed All milk by products 
supply protein of excellent quality and 
some of them are fairly rich in protein 
Liquid skim milk and buttermilk ore 
about equal in feeding value They can 
be fed economically when the cost of the 
skim milk or buttermilk per 100 lb is 
roughly equal to or less than the cost of 
Vz bu of corn or 12 Ib of tankage These 
products have their greatest value in swine 
rations when fed with gram m amounts 
^ich just balance the ration for protein 
when corn is self fed free choice to grow 
*ng and fattening pigs m dry lot one gallon 
skim milk or buttermilk per head per 
ay Will balance the piotein in the ration 
oiue source of carotene and vitamin D 
be needed because these milk by 
products are rather low m tliese vitamins 
rsh meal is an excellent protein sup- 
Pcment for use m swine rations Usually 
too expensive to be fed as the only 
^urce of supplementary protein 

IS occasionally included in small 
founts in pig prestarters and pig start 
,L quite high in protein content and 

protein is of excellent quality Fish 
nu ** ^ good source of calcium 

Pbosphorus. and salt but is not a reliable 
urce of vitamin A or vitamin D The 
IS fjjjj. pantothenic aad content, is 
pod source of riboflavin, and is rich in 
c , ^12 There are several kinds o 

according to the kind of fish m 

u rendered or dicester tankage has 
It swine feeders for many >ears 

a packing house by product which is 


quite high m protein level The quality 
of the protein m this matenal is only fair 
but It IS more effective than cottonseed 
meal or linseed meal m correcting the 
essential ammo acid deficiencies of the 
grains It is an excellent source of calcium 
phosphorus and salt but it supplies little 
if any carotene or vitamin D Tankage is 
relatively rich in vitamin Bjj but it con 
tains rather low levels of riboflavin and 
pantothenic acid It is not as rich as the 
oil meals m choline 

Meat and bone scrap of 50 per cent 
protein grade is a dry rendered packing 
house byproduct which is superior to 
digester tankage m protein quality It is 
richer in calcium and phosphorus than 
digester tankage Meat and bone scrap 
contains no appreciable amount of caro 
tene or vitamin D and is only fair in its 
riboflavin and pantothenic acid content 
It IS a good source of vitamin B ,3 and is 
fairly high m choline Meat and hone 
scrap can be used to replace tankage 
pound tor pound witlt no loss in die per 
formance of the swine being fed 
When swine are being fed on good 
actively growing pasture, die pasture dial 
Sy cat “Sfntt any vitamin 

defiacncy except possibly yitamin B,. 
Fieure M I shosvs an example of a good 
sund of iadmo clover pasture svlucli is 
Sielicnt for swine When pasture is not 
^adabie. the inclusion of 10 per cent or 
lore of h.?h quality legume hay or meal 
T?rv lot rations is almost as ellect.se tn 
dry lot delic.enc.es as die pas 


P"'' Th"usTgh “,uSny”Tegume ha/ or 
‘“^1 ,erses as a vitamin supplement Al 
meal , jjjg ^ost commonly 

falfa hay j jj ,5 an excellent 

used legume hay or meaj r.^ ^„„eured, a 

source „£ ,.„mm D Alfalfa 

satisfactory j riboHasin and 

hay ts a good sourc 

pantothemc aa ^ d „„,e s.u 

R hV qoa'"!' 

nrotein which is of fa.rl) 
considerable p sclatiscly ricli 

fri-m bu” not'a good source ol 
phosphorus 
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FIG 51.1— Ladino clover 
mokes good posture for 
swine. (Photo courtesy E, 
A. Hollowell, U S D A.) 



Distillers dried corn solubles is used as 
a supplementary source oE ribofiavin, 
pantothenic acid, and choline, being a 
good source of these vitamins. Fermenta* 
tion solubles is also used to supply these 
vitamins since it is especially rich in tliern.' 
Condensed fish solubles is used for the 
same purpose. : 

ENERGY REQUIREMENTS 
Energy is required for body mainte- 
nance and the productive functions ivhidi 
include growth and fattening, reproduc- 
tion, and lactation Table 51.1 irfdicates 
that all classes of swine being fed for maxi- 
mum production should be fed rations 
containing 75 per cent total digestible 
nutrients. This high le\el of digestible 
energy can be assured by using grains such 
as corn or barley as the major ingredient 
in the ration and by limiting the fiber 
content by, in turn, limiting die amounts 
of fibrous ingredients sudi as oats and 
hay. Carroll and Krider (1953) suggest 
die following maximum lesels of crude 
fiber in radons for various dasscs of swine; 

1. Growing and fattening pigs, G to 8 
per cent 

2. Bred sows, 10 to 12 per cent. 
Adjustment of the crude fiber content of 
die self-fed ration can be used to regulate 
die energy intake of bred sows and gilts 
and odier dasscs of swine for whidi, be- 
cause of die possibility of exccssUc fat- 


ness, maximum energy intake is not de- 
sired. 

PROTEIN REQUIREMENTS 

The quantitative requirements for the 
different classes of swine for total protein, 
expressed as a per cent of the total ration, 
are given in Table 51.1. These require 
menis are for dry-lot feeding. When swine 
are grazing on good pasture, these figures 
may be reduced somewhat because of die 
protein supplied by the pasture the animal 
consumes. 

Dietary protein supplies amino acids 
used by the animal in replacing body pro- 
teins lost through endogenous catabolism 
and in the formation of new protein tis- 
sue produced in growth, reproduction, and 
lactation. 

The grains, even though diey are ridi 
in energy, do not supply a level of protein 
high enough to meet the requirements of 
most dasses of sivine. This makes it neces- 
sary to include in the diet one or more 
of the high protein supplements whidi 
are suitable for swine feeding. Some of 
Uiesc have been mentioned. 

There are several mediods used in add- 
ing protein supplements to the swine ra- 
tion. The proper amount of supplement 
can be mixed widi die grain and other in- 
gredients of die ration and die mixture 
eidier hand-fed or self-fed. Another medi- 
od is to self-feed frce-dioicc die grain m 



Chapter 51 FEEDS AND FEEDING J L Gobble 661 


one compartment of a self feeder and the 
protein supplement in another compart 
ment This is possible because growing and 
fattening pigs have the ability, to a certain 
extent, to balance the protein level of the 
ration for themselves when they are self 
fed free choice gram and protein supple 
ment However, some protein supple 
ments have such palatability that the pigs 
eat too much or too little of them and the 
protein intake level is incorrect 

A third method of feeding a protein sup 
plement is to hand feed the correct amount 
each day to pigs being self fed gram A 
fourth method is to hand feed the supple 
ment to swine being hand fed gram such 
as ear corn 

An essential ammo acid is one which 
cannot be synthesized by the animal at a 
rate which will provide for normal growth 
Protein quality refers to the proportions 
and amounts of essential amino acids pres 
ent in a protein or a mixture of proteins 
The quality of the protein m a swine ra 
tion IS very important This is particularly 
true for rations fed during gestation, lac 
tation, and during the period of growth 
from weaning to a live weight of about 75 
lb During these periods protein synthesis 
IS proceeding at a very rapid rate Table 
51 2 presents tentative requirements for 
the 10 essential ammo acids for 25 to 70 
lb pigs as su^ested by the Committee on 
Swine Nutrition of tlie National Researdi 
Council (Beeson el al, 1953) This publi 
cation also gives some data on the ammo 
acid content of some feedstulfs Informa 


tion is lacking on the essential ammo acid 
requirements for tlie classes of swine other 
than weanling pigs weighing 25 to 70 Ib 
The total protein requirements for 
swine as given m Table 51 2 represent tlie 
levels which will assure adequate amounts 
and proportions of essential amino acids 
when a variety of sources of protein are 
included in die diet It has been demon 
strated by Mertz el al (1952) that a con 
siderably lower level of total protein 
(N X 6 25) in a purified diet can produce 
good growdi m weanling pigs when 7 4 
per cent of protein was supplied by specific 
ammo acids and 3 9 per cent of protein 
equivalent was supplied by diararaonium 
citrate This total of 11 3 per cent is con 
siderably lower ilian the 16 per cent rcc 
ommended in Table 51 1 The work of 
Mertz el al makes possible at least two 
general observations 

L The weanhng pig can probably syn 
thesize nonessential ammo aads from 
non protein nitrogen 

2 The scoop shovel methods of providing 
essential ammo acid balance m swmc 
rations used today, i e , including a van 
eiy of protein sources, are quite waste 
ful of expensive high protein ingrcdi 
ents 

More researdi in diis area must be con 
ducted before it will be advisable and 
economically feasible to formulate swmc 
rations on die basis of synthetically pro- 
duced essential ammo aads and either 
natural protein earners or sources of non 
protein nitrogen However, it is probable 


TABLE 51 2 

ESSEKTI*!. A»mo Acd. REttOTUiuum fo« Weanliso to 
(Live weight — ^25-70 lb ) 


Perccnlagc 
of Total Diet 


J^Argminc* 

j^Huudme* 

J^Isolcucinc 

L-Lcucinc* 

L-Lysjnc 


DL-Methionine t 
DL-Plicnytalan ne 
L-Threoninc 

DL-TrYp‘°P^ 

L-Valuie 


*Thu level u adequate but minimum 

t Cyitme can rcp^cc one-half (0 3%) of methionioe requur 
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Dutillcrs dried corn solubles is used as 
a lujiplcnicniar) source of nbofiisin, 
juntuthciuc acui ind ciiulinc being a 
good source of these MUmins Fcrincnta 
tion solubles IS also used to supply these 
sitamins since it is espcciall) rich m them 
Condensed fish solubles is used for the 
unie pur]>ose 

ENEKCr R£QU(REM£NrS 

tnergs is required for l>od> maintc 
name anti die (iroiluciivc functi ms sshich 
indiide growth jnd fattening reproduc 
dm and Uciaiuri Table jI 1 iiUlirircs 
ihai all clasvci of ss*inc l>cing fctl for maxi 
nunii ] tmhudun sliotild l>e fcsl rations 
t«» luining 73 jicr cent loul ibgcsnblc 
nutncnti Ibis high Icsrl of digestible 
enft^) call l>c asiurcd b) uung grams such 
as corn or bsilo as t* c inajar in^Tcshcnt 
til the tattori and b> Itniiiin^ the filK-r 
content b) ill turn Innumg the aiiunmts 
u( fd roui in^Tcdicnts inch as oats and 
has t-aiJ ill and Kridcr (1 j3) su;:^r>t 
the folov*u^ luaviimi i Icscls of cm 'e 
filler in xati us ft r van > it classes of ss»mr 
I Gio'ning ant fattenirg p^s, o t» K 

tarr rmt 


ness maximum energy intahc is not dc 
sired 

PROTEIN REQUIREMENTS 

The quantititisc requirements for the 
different classes of swine for total protem 
expressed as a per cent of the total ration 
arc given in Table 51 I These require 
ments arc for dry lot feeding When twine 
arc grazing on good pasture, these figures 
may be reduced somewhat because of die 
protein supplied by die pasture the ainmal 
consumes 

Dictai;> jorotcin surinhcs ammo acids 
used by the animal in replacing hotly prt>- 
tcuis lost through endogenous caiabtjhun 
and in the furinaiion of new [iroitui iiv 
sue pioduccd in growdi icprodticuun and 
lactation 

The gr-iins even though tlicy arc ricii 
in energy, tlo not supply a level of pruiciii 
hi,^h enough to meet the rctpuicinciiu of 
iiiukt classes of swine lliis nukes it iicccs 
Vary to include in the diet one or u uc 
of the hi^h protein su( plcmcnu which 
ale suitable for swine feeding hon c of 
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one compartment of a self feeder and the 
protein supplement in another compart 
ment This is possible because growing and 
fattening pigs have the ability, to a certain 
extent, to balance the protein level of the 
ration for themselves ivhen tliey are self 
fed free choice grain and protein supple 
ment However, some protein supple 
ments have such palatabihty that the pigs 
eat too much or too little of them and tlie 
protein intake level is incorrect 

A third method of feeding a protein sup 
plement is to hand feed the correct amount 
each day to pigs being self fed grain A 
fourth method is to hand feed the supple 
ment to swine being hand fed gram such 
as ear com 

An essential ammo acid is one which 
cannot be synthesized by the animal at a 
rate which will provide for normal growth 
Protein quality refers to the proportions 
and amounts of essential ammo aads pres 
ent in a protein or a mixture of proteins 
The quality of the protein m a swine ra 
tion IS very important This is particularly 
b*ue for rations fed during gestation, lac 
lation, and during the period of growth 
from weaning to a live weight of about 75 
lb During these periods, protein synthesis 
IS proceeding at a very rapid rate Table 
51 2 presents tentative requirements for 
the 10 essential ammo acids for 25 to 70* 
lb pigs as suggested by the Committee on 
Swine Nutrition of the National Researm 
Council (Beeson et al , 1953) This pubh 
cation also gives some data on the ammo 
acid content of some feedstuffs Informa 


tion IS lacking on the essential ammo acid 
requirements for the classes of swine other 
dian weanling pigs iveighing 25 to 70 lb 
The total protein requirements for 
swine as given m Table 51 2 represent die 
levels which will assure adequate amounts 
and proportions of essential ammo aads 
when a variety of sources of protein are 
included m the diet It has been demon 
sirated by Mertz et al (1952) diat a con 
siderably louer level of total protein 
(Nx6^) m a purified diet can produce 
good growth m weanling pigs when 7 4 
per cent of protein was supplied by specific 
ammo acids and 3 9 per cent of protein 
equivalent was supplied by diammonium 
atrate This total of 11 3 per cent is con 
siderably lower dian the 16 per cent rec 
ommended m Table 51 I The work of 
Mertz et al makes possible at least two 
general observations 

1. The weanling pig can probably syn 
thesize nonessential ammo auds from 
non protein nitrogen 

2 The scoop shovel methods of providing 
essential ammo acid balance in swine 
rauons used today, i e , including a vari 
ety of protein sources, are quite waste 
ful of expensive high protein ingrcdi 
ents 

More research m diis area must be con 
ducted before it will be advisable and 
economically feasible to formulate swine 
rations on die basis of syndieiically pro- 
duced cssenual ammo aads and cither 
natural protein earners or sources 
protein nitrogen However, it is probable 


table 51^ 

.. A«iNO Acm for Weanuno Pics 

„c8bt-25-70 lb ) 


L-Argmine ” 
l^Hisiidine* 
L*IsolcucLne 
^Lcucuje* 
L-Lysinc 


Ammo Acid 


Percentage 

of Total Diet 

0 20 
0 40 

0 70 
0 80 

1 00 


Ammo Aad 


DL» Methionine t 
DL-Piicn) lalani ne 
L»Thrconmc 


PL-Tryplophan 

L-Vaime 


0 60 
0 46 
0 40 


hai not been cstablulied- 

• Thu level u adequate but ^eUuonme requirement 

I Cysuoc can replace one-half (O-d c> 
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supplies phosphorus whicli is highly avail 
able as does monocalcium phosphate 
Steamed bone meal, Cura9ao Island phos 
phate, and defiuorinated rock phosphate 
are good sources Soft phosphate with col 
loidal clay has been tested Poor avail 
ability is reported by Chapman et al 
(1955) and Plumlee et al (1955) , how 
ever, Gobble et al (1956) reported that 
soft phosphate with colloidal clay phos 
phonis was approximately equal in bio 
logical availability to tlie phosphorus of 
dicalcium phosphate 
The element fluorine is toxic to swine if 
fed at more than certain levels for a suf 
ficiently long period of time The chemical 
form of the fluorine affects the toxicity of 
the element The maximum permissible 
level of fluorine for complete swme ra 
tions which would assure no fluorine dam 
age under any feeding conditions has been 
suggested as 0 OH per cent by the Associa 
tion of American Feed Control Officials 
(1948) Care should be exercised to assure 
that rations fed to swine do not include 
phosphorus sources which contain fluorine 
to the extent that this element exceeds a 


level of 0 014 per cent of the total ration 
Raw rock phosphate and soft phosphate 
With colloidal clay contain about 3 5 per 
cent and 1 5 per cent of fluorine respec 
lively If as much as 0 18 per cent of phos 
phorus from either of these sources is a 
ed to the ration, the maximum permissi e 
level of fluorine of 0 014 per cent will be 
exceeded However, Gobble et al (19ob> 
fed rations containing as much as 
per cent of fluorine from soft phosphate 
smUi colloidal clay for as long as 117 days 
to growing and fattening 
evidence of fluorine toxicosis Jordan e 
(1956) , on the other hand report exc« 
sive pitting and decay of molars m 
fed for 90 day’s a ration containing a 
9 051 per cent of fluorine from soft p » 
phate wiili colloidal clay 

Phosphorus supplements are 
pensive per pound tlian ground hfu^s 
and should be used only ivhen ad i 
phosphorus is needed in tlic ration 
phosphorus carriers supply calcium a 


IS important that the calcium phosphorus 
ratio be kept within certain limits Boh 
stedt (1955) has suggested as favorable a 
range of 1 I to 1 5 parts of calcium to 1 
part of phosphorus A ratio much greater 
than 15 1 results m decreased rate and 
economy of gam 

Sodium and chlorine are required by 
swine and these elements are supplied in 
the form of common salt Granulated salt 
IS preferred to the block form The plant 
materials fed to swine (grains and oil 
meals) do not contain as much salt as 
swine need Only the animal protein sup 
plements contain appreciable amounts of 
salt and these are usually not included m 
swme rations at high enough levels to cor 
rect die salt deficiency of the plant material 
part of the rations Thus it is usually nec 
essary to add salt to the diet The rccom 
mended level, as seen in Table 51 1, is 0 5 
per cent of the total ration It can be self 
fed free choice The work of Vestal (1946 
1947a) has demonstrated very well tlie val 
ue of salt m a ration composed of corn 
soybean oil meal, alfalfa meal limestone 
and steamed bone meal Vestal (1947b) 
also found that when half the soybean oil 
meal m the ration was replaced with meat 
and bone scrap, die pigs ate only half as 
much free-choice salt and Uiat adding salt 
to a ration of grain and meat scrap or tank 
age did not improve rate or efficiency of 


gam 

There apparently is some concern among 
suine feeders about salt poisoning in 
swine This condition is discussed m detail 
by Wliitehair m Chapter 19 In general it 
IS recommended that swme feeders a\oid 
feeding materials high in salt and pala 
table to pigs, sucli as brine whey or slop 
ft IS also recommended that suinc a ways 
be supplied with die proper amount ^ 
,alt m U,c.r rations or that loose «I. 
self fed free-dtotce at all tones. It ts also 
rood practice to pros.de “"[P ' f 
■pace and fresh ssa.cr ... plcn.tfnl amount. 

■or rite .■ntnnt''- forn.auon of 

i ^"""l '> n'?nd for the prescntion of nu 

Sif anemi to sne'lhn, p..~s (- 
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that this eventually will occur Beeson 
(1956) has discussed, in an illuminating 
manner, the protein ammo acid problem 
in swine feeding as it exists today 
Methionine is the only essential ammo 
acid which is cheap enough to be used 
economically to supplement a defiaency 
present in swine rations 
Corn IS deficient in the two essential 
amino acids, lysine and tryptophan In 
order to correct these deficiencies m a 
practical swine ration, it is necessary to in 
elude protein supplements which are fairly 
rich in lysine and tryptophan Tankage 
and meat and bone scrap are somewhat 
low in tryptophan but are fairly good 
sources of lysine Cottonseed meal and lin 
seed meal are fair sources of tryptophan 
but are a little low in lysine A ration com 
posed of corn, tankage, and cottonseed meal 
provides a protein mixture of better qual 
ity than corn and tankage or corn and 
cottonseed meal The essential ammo acid 
balance of soybean oil meal, fish meal, and 
skim milk IS good However, a ration of 
corn, soybean oil meal, and tankage, or 
one of corn, fish meal, and soybean oil 
meal supplies protein of better quality 
than rations supplemented widi only fish 
meal or soybean oil meal The superiority 
of swine rations supplemented with a vari 
ety of protein sources over those with sin 
gle added protein supplements was first 
reported by Momson and Fargo (1922) 
Their svork developed the trio' mixture 
whidi may be called die grandfather of 
modern protein supplemental mixtures 
The original mo mixture was composed 
of 50 pirts tankage, 25 parts linseed meal, 
and 25 parts ground alfalfa hay This mix 
ture was fed with corn m such amounts 
diat the quantitative protein requirement 
was met The variety of protein sources as 
sured in improvement in protein quality 
In addition to this, the vitamins supplied 
by the hay helped to meet die vitamin re 
quirements There have since been many 
\ariations in the original trio mixture, and 
modern protein supplements, which m 
elude not only a variety of protein sources 
and vitamin supplements but minerals and 


antibiotics as well, were developed from 
the trto mixture 

MINERAL REQUIREMENTS 

Swine require dietary sources of the fol 
lowing so-called mineral elements calcium, 
phosphorus, sodium, chlorine, iron, cop 
per, cobalt, manganese, magnesium, po- 
tassium, sulfur, iodine, and zinc There is 
some possibility that others, including 
fluorine and molybdenum, are also re 
quired 

These required minerals perform a wide 
variety of functions in the animal body 
Calcium IS required for bone formation 
acid base balance, normal reproduction, 
and heart beat, among other things The 
calaum in legume pasture and hay and die 
protein supplements of animal origin aid 
materially m meeting the pigs require 
ments for this element When additional 
calaum is needed in the ration and sufli 
cient phosphorus is present, raw ground 
limestone is an economical source Ground 
oyster shell may also be used 

Table 51 1 indicates diat die calcium re 
quirement vanes from 0 8 per cent to 0 55 
per cent of the entire ration Excessive cal 
aum in the diet decreases growth rate and 
effiaency of feed utilization and often 
causes a dermatitis resembling mange in 
appearance Adequate vitamm D is re 
quired for the utilization of calcium and 
phosphorus 

Phosphorus is involved m bone forma 
tion, carbohydrate metabolism, fat trans 
fer, and cell formation Aldiough plant 
materials contain phosphorus in varying 
amounts, some of the phosphorus is pre^ 
ent in the form of phytin There is som 
evidence that growing and fattening p>g 
do not utilize plant phosphorus or phytn 
phosphorus as well as that from inorgaiii' 
sources (Chapman el al , 1055, Plnmlc* 
et al, 1955) Some rations commonly fe‘ 
to growing and fatiening swine requm 
phosphorus supplementauon In sdeant)^ 
a phosphorus supplement some aticntior 
should be gi\cn to the availability to the 
pig of the phosphorus connincd m the 
phosphatic material Dicalaum phosphate 
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supplies phosphorus which is highly avail- 
able as does monocalcium phosphate. 
Steamed bone meal, Curasao Island phos- 
phate, and defluorinated rock phosphate 
are good sources. Soft phosphate with col- 
loidal clay has been tested. Poor avail- 
ability is reported by Chapman et al. 
(1955) and Plumlee et al. (1955) ; how- 
ever, Gobble et al. (1956) reported that 
soft phosphate with colloidal clay phos- 
phorus was approximately equal in bio- 
logical availability to tlte phosphorus of 
dicalcium phosphate. 

The element fluorine is toxic to swine if 
fed at more than certain levels for a suf- 
ficiently long period of time. The chemical 
form of the fluorine affects the toxicity of 
the elemenL The maximum permissible 
level of fluorine for complete swine ra- 
tions which would assure no fluorine dam- 
age under any feeding conditions has been 
suggested as 0.014 per cent by the Associa- 
tion of American Feed Control Officials 


(1948) . Care should be exercised to assure 
that rations fed to swine do not include 
phosphorus sources which contain fluorine 
to the extent that this element exceeds a 
level of 0.014 per cent of the total ration. 
Raw rock phosphate and soft phosphate 
with colloidal clay contain about 3.5 per 
cent and 1.5 per cent of fluorine, respec- 
tively. If as much as 0.18 per cent of phos- 
phorus from either of tliese sources is a - 
cd to the ration, the maximum ® 

level of fluorine of 0.014 per cent 'jj" 
exceeded. However, Gobble et ah ( 
fed rations containing as much as • 
per cent of fluorine from soft 
witli colloidal clay for as long as 117 
to growing and fattening pigs 
evidence of fluorine toxicosis. Jordan c • 
(195G) , on tlie other hand, report 
sive pitting and decay of molars m p b 
fed for 90 days a ration containing ^ 
0-051 per cent of fluorine from so P 
phate with colloidal clay. 

Phosphorus supplements arc . 

pensive per pound tlian ground . j 
and shoild be used only when 
phosphorus is needed in tlie ration. * 
phosphorus carriers supply calcium 


is important that the calcium-phosphorus 
ratio be kept within certain limits. Boh- 
stedt (1955) has suggested as favorable a 
range of l.I to 1.5 parts of calcium to I 
part of phosphorus. A ratio much greater 
than 1.5:1 results in decreased rate and 
economy of gain. 

Sodium and chlorine are required by 
swine, and these elements are supplied in 
the form of common salt. Granulated salt 
is preferred to the block form. The plant 
materials fed to swine (grains and oil 
meals) do not contain as mudi salt as 
swine need. Only the animal protein sup- 
plements contain appreciable amounts of 
salt, and these are usually not included in 
swine rations at high enough levels to cor- 
rect tlie salt deficiency of the plant material 
part of the rations. Thus it is usually nec- 
tary to add salt to the diet. The recom- 
mended level, as seen in Table 5 1. 1, is 0.5 
per cent of the total ration. It can be self- 
fed free-choice. The work of Vestal (1946, 
1947a) has demonstrated very well the val- 
ue of salt in a radon composed of corn, 
soybean oil meal, alfalfa meal, limestone, 
and steamed bone meal. Vestal (1947b) 
also found that when half tlie soybean oil 
meal in die radon was replaced witli meat 
and bone scrap, the pigs ate only half as 
much free-dioice salt and liiat adding salt 
to a ration of grain and meat scrap or unk- 
age did not improve rate or efficiency of 
cain. 

There apparently is some concern among 
swine feeders about "salt poisoning in 
swine. This condition is discussed in detail 
by Whitehair in Chapter -19. In general it 
is recommended diat swine feeders a\oi 
feeding materials high in s.ilt and pala- 
table to pigs, such as brine, whey, or jlop- 
It is also recommended dial swine a » > 

be ...ppiieti "i'h ti.c 

Hit in tl.c!r ration, or that loose nit 
.clWed free-choice 

in Plrn.ihil 

for tJ.e .nnimal^^ of 

Iron “ '"I j f r ilic pretention of nil- 

TnSu in .uiliin. p.> 
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Chapter 19) Copper is belie\ed to be re 
quired along uiih iron for hemoglobin 
s)nUiesis The iron requirement is reported 
to be 10-15 mg daily for the first six weeks 
after birth (Beeson et al , 1953) The cop 
per requirement has not been definitely 
established, but 2 mg of copper fed daily 
lias pre\entcd the appearance of a copper 
dcficienc) Iron and copper defiaencies 
arc seldom seen in older sivine except in 
areas where the sod is defiaent in one or 
both of these elements Thus this is almost 
e\clusi\ely a baby pig problem Nutrition 
al anemia can be pre\ented by placing 
pigs on soil not deficient in tliesc elements 
before the pigs are sesen days old, or if 
this IS not practical, by placing fresh, clean 
sod in the pen with the pigs This disease 
can also be pre\cntcd by drenching the 
pigs c\cry other day for at least two weeks 
with 2—1 ml of a saturated solution of fer 
rom sulfate (Calderon, 1919) The often 
recommended practice of swabbing the 
sows udder with an iron solution was not 
circcti\e m Calderons experiment. 

A new method for preventing nutritional 
'incmia m suckling pigs recently has been 
announced by Armour Veterinary Labora 
tones (1957) It is a radical departure 
from the oral procedures in current use 
This inctliod involves the intramuscular 
injection of a single dose of 2 cc. of Armi 
dexan (i solution of a low molecular 
weight dcxiraniron compound) at one to 
tlircc da>$ of age It is claimed tins treat 
ment will protect the pigs several weeks 

Cobalt IS probably essential to swme, 
but the nature of its function has not been 
clcarl) defined There is some question as 
to whether swine have a cobalt requirement 
vdicn die vitamin Bj. requirement is met. 
It iiu) be that swine require cobalt only 
to the extent that it is prevent, as a con 
stituent. in die viiamni Bjj dial is rc 
quircd 

Althougli manganese is known to be rc 
qiiircd b) swine, the quantitative require 
menu arc not known Beevon ct al (1933) 
suggest a level of ISO mg of manganese 


per pound of total diet as being adequate 
for growth and reproduction, but state that 
this figure does not represent a minimum 
requirement 

hfagnesium is known to be essential for 
swine but the quantitative requirements are 
not known This element is involved in 
bone and tooth formation and m the con 
trol of muscular contractions 

Beeson et al (1953) report tint rations 
containing 0 23 to 0 28 per cent of potas 
Slum are adequate for normal growdi 
Corn contains 0 27 per cent of the element 
and the other grams more, so it is not nec 
essary to add potassium to practical swine 
rations 

Sulfur is required by swine m dial it is a 
constituent of methionine and cystine and 
of certain vitamins Whether swme have 
any other requirements for this clement 
has not been established The quantitative 
requirement is not known 

Iodine IS required by swme for the for 
mation of thyroxine, die hormone of the 
diyroid gland There are certain areas m 
the country where the soil is deficient m 
iodine In these areas it is advisable to 
feed additional iodine to swme, particu 
larly to bred sows This can be done very 
easily by feeding stabilized iodized salt 
Apparendy the requirement of bred sows 
is about 0 I rag per pound of total ration 

The role played by zinc m swme nutri 
uon IS not well understood but is being 
investigated actively at die present time 
Parakeratosis is a severe skin disease, or 
dermatitis, of swine and has l>ccn found 
to be aggravated by an excess of calcium 
in die diet (I per cent or more) and it is 
generally believed diat the excess of cal 
cium increases the zinc requirement. It 
has been observed that die addition of 
0 01 to 0 02 per cent of zinc carbonate in 
many cases would prevent or oirc die 
disease Tlic basic mechanism of the 
physiological action of zinc is not under 
sto^ Parakeratosis has been revicv»cd by 
Crosdike (1935) It is discussed further 
by Kernkamp m Chapter 50 
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VITAMIN REQUIREMENTS 

Vitamins are very important m the 
proper nourishment of swine of all ages 
However, the highest levels are, in general 
required by sows and gilts during gesta 
tion and lactation and pigs from birtli to 
a sveight of about 70 lb The various vita 
mins perform a variety of functions uhich 
will be mentioned briefly 

The vitamins are often classified ac 
cording to whedier they are soluble m fit 
or water There are four fat soluble vita 
mins, namely vitamin A or its precursors 
the carotenes, and some related com 
pounds, vitamin D, vitamin E and vita 
imn K All are required by swine but the 
last two are of little concern to the prac 
tical feeder Vitamin E is reportedly 
present m adequate amounts in ordinary 
rations built around whole cereal grains 
and supplemented by pasture or die feed 
»ng of normal amounts of good qualii) 
legume hay These ingredients are good 
sources of die vitamin Viiamin E is re 
qutred for normal reproduction and for 
the prc\ention, in serious deficiency, of 
muscular dystrophy 

Vitamin K is synthesized in die intcs 
tines of swine and ample amounts arc 
present in green, leafy forages uhctlicr 
fresh or cured Vitamin K is necessary for 
normal clotting of blood 

Vitamin A lias sescral functions in 
si'inc It IS necessary for the maintenance 
of ilic normal condition of die cpiihcliuin 
"Inch lines the various body cavities die 
digestive tract, the rcspiraior) tract and 
die urogenital tract. It is also involvcvl m 
'ision and is required to prevent nerve 
degeneration Viumm A is required for 
the normal functioning of die gonads and 
^ prevent abortions or die birth of mal 
formed pigs 

Caroicnc is converted into vitamin V 
ni die iiucstinal wall and to a Imutnl cx 
lent m Uic liver Thu conversion w not 
clficicni in die pig at in some odicr 
animals, u rct^uircs 2.5 times at iiiucJi 
eatotciic at true viuinin A to meet the 


pigs requirement Almost all of die vita 
nun \ activity of swine rations is in tlic 
form of carotene or die compound crvpio 
xanthine whidi is the jellou pigment in 
vellow com Plant materials connm vcr> 
litde if any true vitamin \ 

The rcquiremcnis of swine for vitamin 
A activity are given in Tabic j1 1 as milli 
grams of carotene per pound of total ra 
tion These requirements arc fully iiitt 
vshen swmc are grazed on good pasture or 
when the usual amounts of good green 
legume hay are included in dry lot rations 
Yellow corn aids maicriall> in meeting the 


vitamin A requirements 

Carotene is rapidly destroyed in feeds 
m storage so not too iimcli confidence 
should be jilaccd in hay or corn lint Ins 
been stored for a vear Carotene dinjv 
pears more raptdiv from ground stored 
feed than from feed dut is not ground 
When plant materials dnt are rich in 
carotene arc not available vitamin V su|>- 
picments sucli as foriificd fish liver oils or 
dry viiamm A supplcmcnu arc available 
Vitamin A is stored to a coniidcrablt 
extent in the liver and die fat depots of die 
body when the carotene or viianun \ ni 
take is in excess of the daily requirement 
This stored vitamin can bo uicd to for 


reel dietary deficiencies 
Vitamin D is rcijuircd for the ptojicr 
utilization of calcium and phoipiioius. 
Thus It is csseiuial for iiuimeiuiuc 
cTOwtii and reproduction 
^Vitamin D, » funned by the irradui on 
of die plant sterol, crj,ostcrol wnh tl>e 
uUrwolct ra), of lunl.sj-l- 
tonnea by d.c cltcc. 

U.C am...al ..c.qI I 

Ead. u c,uall) dfcc-c m , , 

aiunim D acnt.c.c) m 
annual, a.r cx|«nra ,o a.'cl.ulc .an , . 
a, ,.hcn kiarin^ nn iu.nlic in ■ ir >a ■ 
nicr. d.c. ha.c no die ai) 

"^ v.rannnD l-ndcr . nb ..■« J 
cnonsb of .be -‘f'" ^ 

ihcir Am 1* fhaiy^cd i* viu m 
ihc luiiluhi I'ut u eir rf.,a 
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Dunng ilic ^vlnter months, ^\hen not 
exposed to sufficient sunlight, swine have 
a dietary requirement for \itamm D 
Usually the most practical source Cor win 
ter feeding is sun cured hay Alfalfa hay 
cured m tlic field has enough vitamin D 
that 10 per cent of such hay m the ration 
ivill meet the requirements of all classes 
of swine If sun cured hay is not available, 
irradiated )east is an excellent, sery eco 
nomical source Fortification of a swine 
ration with vitamin Da from irradiated 
^enst costs only a few cents per ton of 
feed 

Green growing forage contains little if 
any \itamin D It is only after the plant 
IS cut and exposed to sunlight that the 
forage dcselops vitamin D activity 
The group of water soluble vitamins re 
quircd by swine includes vitamin C and 
the so-called vitamin B complex Swine do 
not base a dietary requirement for vita 
min C because they arc able to synilicsizc 
It m their bodies 

The \iumm B complex as required by 
swine includes thiamine, riboflavin, nia 
cm, pantothenic acid, pyndoxine, cholmc, 
vitamin Be biotin, folic acid, possibly 
vitamin B,} and certain unidentified fac 
tors 

1 hiaminc is required for normal carbo 
hydrate metabolism Ihis vitamin is scl 
dom a problem in swinc feeding because 
die grains arc good sources as arc most of 
the other fccdstufis usually included m 
raiions fed to swmc 

Uiboflvvin IS 3 component of several 
cnz>inc systems This vitamin sometimes 
presents i problem in certain dry lot ra 
tions because it is present in the grains in 
low amounts, and the oil meals and pack 
ing house b) products arc not good sources 
Pasture crops, legume ha^s, milk b) proil 
ucu duliticrs dried solubles, and «. 
taiion solubles are rich in riboflavin P 
lions fed in dry lot shou' « 


of one or more of ih to i 

adcipuic levels of th Ihc 

nun IV available in r form 

Niacin, or nicot servt 


constituent of certain enzymes which are 
involved in respirauon and carbolqdraie 
metabolism 

A niacin deficiency apparently can cause 
necrotic enteritis or bloody scours in 
young pigs according to Dunne ct al 
(1949) This disease, as has been pointed 
out in Chapter 49, is usually associated 
with a filth borne organism, Salmonella 
c/toleraesuis Davis et al (1943) observed 
that adequate niacm intake did not pre- 
vent necrotic enteritis caused by 5 
choleraesuis but often did aid llie pig w 
recovering from the symptoms of the m 
fection 

The pig apparently can use extra tr)pio- 
phan to synthesize niaan but cannot 
Iize niacm in correcting a tryptophan de- 
ficiency (Luecke et al, 1947) 

Niacm IS not apt to be a limiting nuin 
ent in swine rations including a variety of 
common ingredients 

Pantothenic acid is required by s'vine 
to prevent nerve degeneration and cerum 
organ clianges The requirements listed in 
Table 51 1 are 5 0 mg per pound of tow 
ration for pigs weighing 25 and 50 
4 5 mg per pound for older swmc These 
levels arc higher ilian tliose used by Barn 
hart et al (1954) with pigs from 25 to 1 
lb live weight Levels of 2, 3, and 1 nig o 
pantothenic acid per pound of total ration 
were fed and no symptoms of pantothem 
acid deficiency were observed Corn ai 
barley are rather low m this vitamin* an 
dry lot rations compounded around 
feeds are likely to be deficient m pan 
theme acid unless liberal "imounis of ^ 
and/or alfalfa hay arc included Good p^ 
lure supplies adequate levels of die 


'■inlmg pig! neighing up m ^ 

0,6 of pyndoxine per* . 

for older •u'"' 
viumin 1! 

1 , invohcd .n j 
of onuno 
• -ribution ol P 

I feeditufc " 
„.iiie 
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Choline is usually classified with the 
water soluble vitamins although it is not 
always a dietary essential in the same sense 
diat the others are because it can be syn 
tliesized from oilier nutrients, sucli as 
methionine The requirement for 25 Ib 
pigs, as indicated in Table 51 1, is 400 
mg per pound of ration The require 
ments for older swine are not known Dry 
lot rations which contain large propor 
tions of corn may not contain 400 mg of 
choline per pound 

Folic acid IS required by the baby pig, 
but the quantitative requirements are not 
known Since this factor is widely disirib 
uted in swine feeds, a deficiency is not 
likely to occur 

Vitamin is needed for tlie formation 
of hemoglobin and red blood cells It is 
required in the diets of young pigs in very 
small amounts Table 51 1 indicates tint 
25 lb pigs need 7 /ig per pound of feed 
and tliat 50 and 100 lb pigs require 5 
Mg of vitamin Bja per pound of feed 
The requirements for older animals are 
not known altliough bred sows produce 
heavier, stronger pigs when fed vitamin 
lii 2 The vitamin seems to be of greatest 
importance m dry lot feeding There is 
some synthesis of the vitamin in the m 
testines of swine and it may be that tins 
IS stimulated by the consumption of fresh, 
green material On the other hind, swine 
on pasture may receive some vitamin Bu 
from the insects and worms that tlicy un 
doubtedly consume 

Protein supplements of animal origin 
such as fish meal, condensed fish soluble^ 
3nd packing house b) products arc good 
sources of vitamin B ,3 There are also 
aiailablc vitamin B |2 feeding supplements 
that contiin at least 1 5 mg of the Mtmnn 
per pound of supplement. Some antibiotic 
feeding supplements contain substantial 

amounts of \iiaimn Bi- 

klnidciuificd factors supplied by pasture 
plants, alfalfa meal, condensed fish solu 
ulcs, dried corn distillers solubles, and 
^mc Ollier fccdsiulfs base been found to 
unprosc growth, feed cfiiacnc), and brooix 


sosv performance when one or more of 
tliese feeds lia\e been added to rations 
supposedly adequate in all known nuiri 
ents It IS important, for maximum pro 
duction, that one or more of tJicsc sources 
of unidentified factors be included in ra 
tions for gestation, lactation, and gi owing 
pigs up to about 70 lb 

FEED ADDITIVES 

A number of difleient materials, ni my 
of wiiicli ha\e no actual nutrituc \aluc, 
have been added to swine rations for tlic 
purpose of stimulating growtii atid/or m 
creasing efficiency of feed uiiluation 

Antibiotia may be described as com 
pounds produced by raicroorsanums ulucli 
slop or luhibil lire growtii of oilier uucro- 
organisms There are a number of inli 
biorics but only a few bare been demon 
slratcd lo produce a reasonably consntent 
response in gromng srnne Among there 
are Aureomycin (clilortclracyclinc) * Ter 
ramrcin (oxytcuac)clinc) procaine jieni 
allin, and bacilracin The exact mode of 
action of llic antibiotics in produang a rc 
sponsc m pigs is not Inorrn. altliougb they 
apparently affect the imcronora 
tcninal tract There is “P"'"’"’"' 
dcncc to support tlui obscrralioii 
sercral experiments bare sborrlt ibal the 
degree of response is related to the me 
dmicc of subcbnical disease to the herd 
S follorr.ng elfects of ad.hng the proper 
Icrcl of an clfectirc antibiotic to ralioni 
for grorring and fattening pigs bare liceii 

obscr>cd 

I fncrcasc in grorrih rate of 10 to 1- per 
•• PoHiblc increase in cIPciciic) of feed 
: ai,im.x 

rmniical than feeding lo 100 lb 

5 tfenre°".ed,ic.ion in ii.e.denre and 

scrcrilr of seouriiig in )OUli„ P'gx 

6 Rctluclion 111 number of luiiiy p .x 
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Dunng the ivinter months, when not 
exposed to sufficient sunlight, swme have 
a dietary requirement for vitamin D 
Usually the most practical source for win 
ter feeding is sun cured hay Alfalfa hay 
cured m the field has enough vitamin D 
that 10 per cent of such hay in the ration 
will meet the requirements of all classes 
of swine If sun cured hay is not available, 
irradiated yeast is an excellent very eco 
noraical source Fortification of a swine 
ration with vitamin D 2 from irradiated 
yeast costs only a few cents per ton of 
feed 

Green growing forage contains little if 
any vitamin D It is only after the plant 
IS cut and exposed to sunlight that the 
forage develops vitamin D activity 

The group of water soluble vitamins re 
quired by swine includes vitamin C and 
die so-called vitamin B complex Swine do 
not have a dietary requirement for vita 
min C because they are able to synthesize 
It m Uieir bodies 

The vitamin B complex as required by 
swme includes thiamine, riboflavin, nia 
cm, paniodienic acid, pyndoxine, choline, 
vitamin B 12 biotin, folic acid, possibly 
vitamin Bja and certain unidentified fac 
tors 

Thiamine is required for normal carbo 
h)drate metabolism This vitamin is sel 
dom a problem in swme feeding because 
die grains arc good sources as are most of 
die odier feedstuJIs usually included in 
rations fed to ssMiie 

Riboflavin is a component of several 
enzyme sjstcms This Mtamin sometimes 
presents a problem m certain dry lot ra 
tions because it is present in ihe grams in 
low amounts, and the oil meals and pad. 
mg bouse by products are not good sources 
Pasture aops, legume ha>s, milk, by prod 
ucts, distillers dried solubles, and fermen 
uiion solubles are ricli m riboflavin Ra 
tions fed m dry lot should contain enough 
of one or more of these feeds to insure 
adequate Icscls of the Mtamin The Mta 
mm IS asailable m crjstallinc form 

Niacin, or nicoimic acid, senes as a 


consUtuent of certain enzymes whicli are 
involved in respiration, and carbohydrate 
metabolism 

A niacin deficiency apparently can cause 
necrotic enteritis or bloody scours in 
young ptgs, according to Dunne et al 
(1949) This disease, as has been pointed 
out in Chapter 49, is usually associated 
with a filth borne organism, Salmonella 
ckoleraesuis Davis et al (1943) observed 
that adequate niacin intake did not pre 
vent necrotic enteritis caused by S 
choleraesxiis but often did aid the pig in 
recovering from tlie symptoms of the in 
faction 

The pig apparently can use extra trypto 
phan to synthesize niacm but cannot uti 
lize niacin m correcting a tryptophan de- 
ficiency (Luecke el al, 1947) 

Niacm IS not apt to be a limiting nutri 
ent in swine rations including a variety of 
common ingredients 

Pantothenic acid is required by swme 
to prevent nerve degeneration and certain 
organ changes The requirements listed in 
Table 51 1 are 5 0 mg per pound of total 
ration for pigs weighing 25 and 50 lb and 
4 5 mg per pound for older swme These 
levels are higher than tiiose used by Barn 
hart et al (1954) witli pigs from 25 to 100 
Ib live weight Levels of 2, 3, and 4 mg of 
pantothenic acid per pound of total ration 
were fed and no symptoms of pantothenic 
acid deficiency were observed Corn and 
barley are rather low m this vitamin, and 
dry lot rations compounded around tliese 
feeds are likely to be deficient m panto- 
thenic acid unless liberal amounts of oats 
and/or alfalfa hay are included Good pas 
ture supplies adequate levels of the vita 
min 

Weanling pigs weighing up to 50 Ib 
require 0 6 mg of pyndoxine per j>ound 
of feed The requirements for older swine 
arc not known The viiamm is required 
for an enzyme which is in\ohcd m the 
intermediary mciabolwni of ammo acids 
Because of tlie wide distribution of p>ri 
doxinc in commonly used fecdstufis, it i» 
not likely to be defiaent m swine rations 
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Choline is usually classified ivith the 
water soluble vitamins although it is not 
always a dietary essential in the same sense 
tliat the otliers are because it can be syn 
thesized from other nutrients, such as 
metliionine The requirement for 25 lb 
pigs, as indicated in Table 51 1, is 400 
mg per pound of ration The require 
ments for older swine are not known Dry 
lot rations which contain large proper 
tions of corn may not contain 400 mg of 
choline per pound 

Folic acid IS required by the baby pig 
but the quantitative requirements are not 
known Since this factor is ividely dismb 
uted in sivine feeds, a deficiency is not 
likely to occur 

Vitamin B ,2 is needed for tlie formation 
of hemoglobin and red blood cells It is 
required m the diets of young pigs in very 
small amounts Table 51 I indicates tint 
25 lb pigs need 7 per pound of feed 
and Uiat 50 and 100 Ib pigs require 5 
fig of vitamin Bu per pound of feed 
The requirements for older animals are 
not known although bred sows produce 
heavier, stronger pigs when fed vitamin 
The vitamin seems to be of greatest 
importance in dry lot feeding There is 
some synthesis of the vitamin in the m 
tcstines of swine and it may be that this 
1$ stimulated by the consumption of fresh, 
green material On the oilier hand, swine 
on pasture may receive some \iiamin Bu 
from the insects and worms that Uicy un 
doubtcdly consume 

Protein supplements of animal origin 
such as fish meal, condensed fish solubles 
and packing house b) products arc good 
sources of \itamin B ,3 There are also 
a'ailabic Mtanun Bjj feeding supplements 
that contain at least \ Ji mg of the vitamin 
per pound of suppIcmcnL Some aniibiotic 
feeding supplements contain subsiantiai 

amounts of viiamin B ,2 

Dnidcniificd factors supplied by pasture 
j>lanis alfalfa meal, condensed fish solu 
blcs, dried corn distillers solubles, and 
wnic otiicr fccdstuffs have been found to 
improve growth, feed efficiency, and brooii 


sow performance when one or more of 
these feeds have been added to rations 
supposedly adequate in all known nutn 
ents It IS important, for maximum pro- 
duction, that one or more of tlicsc sources 
of unidentified factors be included in ra 
aons for gestation, lactation and growing 
pigs up to about 70 lb 

FEED ADDITIVES 

A number of diflercnt materials many 
of which have no actual nutritive value, 
have been added to swine rations for the 
purpose of stimulating growth and/or in 
creasing efficiency of feed uiihzation 

Antibiotics may be described as com 
pounds produced by microorganisms whidi 
stop or inhibit tlie growtli of other micro- 
organisms There arc a number of anti 
biotics but only a few have been demon 
straicd to produce a reasonably consistent 
response m growing swine Among Uicse 
arc Aureomyem (chloricirac)chnc) Fcr 
ramycm (oxyttiraqchnc) procaine pem 
cillin and bacitracin The exact moilc of 
action of the antibiotics in produang a ic 
sponsc m pigs is nol l.no»ri alUiough llicy 
apparently alicct the in.croHora “f 
tatinai tract There is cxperiincntal csi 
dcncc to support this obsersation hcciusc 
scicral cxpenincnls base slioiwi that tlie 
decree of response is related to tlie met 
dcLc of subchnical disease in the herd 
Tte folloss.ng effects of a.ldmg the proper 
lead of an clfccnsc anlibiolic to rations 
for grossing and fattening pigs base been 

"'"increase in gcostlb rate of 10 to 12 |icr 

2 Pmwblc increase in cITicicncy of feed 

Utilization of 5 per cent, 
j Greater rcspsinse in younger aninuls. 

’ Sm ntiou. feeding from the suck biig 

' ^rtodtoniatkctsseisy.^..- - 

noinical than feeding lo 100 10 

5 ufeeme "deduction in iiic.dci.te and 

“cniyofseoueiiiginiouiigpigs- 

6 Rcduclion 111 miniUr of mniy p h-- 
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7 Results in a more uniform group of 
pigs at market iveight 

8 Increase in bloom and in some cases 
effectiveness in preventing an unidenti 
fied skin dermatitis on certain rations 

9 Faiorable response both in dry lot and 
on pasture 

\n effective level is 5 mg of antibiotic 
per pound of total ration or 25 mg per 
pound of protein supplement to be fed 
free choice with gram However, higher 
levels are often recommended Research in 
dicates that one effective antibiotic fed at 
the proper level produces as much response 
as a combination of antibiotics The in 
elusion of an antibiotic m rations for bred 
and lactating sows has not been effective 
m improving production The subcu 
taneous implantation of antibiotic pellets 
in suckling pigs is not as effective in in 
CTeasing weaning weights as the incorpora 
tion of the antibiotic in the creep feed 
for the pigs 

Various arsenic compounds have been 
tested as additives to swine rations Two 
have been demonstrated to be effective m 
increasing rate of gain and efficiency of 
feed utilization of growing and fattening 
pigs These are arsamlic acid (4 ammo 
phenylarsonic acid) or sodium arsanilate 
and 3 nitro-4 hydroxyphenylarsonic acid 
The degree of response depends upon the 
disease level’ m the herd These com 
pounds have therapcuuc value m prevent 
ing and controlling swine enteritis The 
level of arsamlic acid to be used should 
be limited to not more tlian 90 gra per 
ton of total feed Arsamlic acid produces a 
greater response when fed m combination 
uith an antibiotic ilian when fed alone 
because of tlic possibility of an accumula 
lion of arsenic in the edible tissues of 
swine, arsenic compounds should be omit 
led from die feed of pigs for a few da)s 
before slaughter 

Surfacc*aclivc agents have not proved to 
be salisfactor) as additives to swine ra 
lions as growth promotants aldiough only 
a few have been tested This work is con 
tinuing 

Ilocfer (1956) made reference to an 
experiment at Michigan Stale University 


ID MANAGEMENT 

in whicli a combination of streptomycin 
and sulfaqumoxahne added to a ration 
fed to growing and fattening pigs at the 
rate of 25 gm of each per ton of feed 
produced a marked increase in rate of 
gain 

Miller et al (1951) observed a sigmfi 
cant increase in rate of growth m pigs fed 
a fortified corn soybean oil meal ration to 
which 0 5 per cent of sulfadialidme had 
been added 

It seems probable that under certain 
environmental circumstances in whicli 
growing and fattening pigs are hosts to 
intestinal microorganisms tliat are antago 
mslic to the pigs, bacteriostats included in 
the diet at low levels reduce the antago 
nistic effect and make possible a more 
rapid rate of gam 

The effects of adding fats to rations for 
growing and fattening swine have been 
studied m several experiments (Barrick 
et al, 1953, Day et al, 1953, Kropf et al, 
1954, Perry et al , 1953) Some of these 
additions have increased rate of gam and 
efficiency of feed utilization It seems that 
the value of added fat depends upon the 
level of fat used, the kind of fat, and the 
nutrient balance of the ration after the 
fat addition Apparently the most effective 
level IS between 8 and 18 per cent Soy 
bean oil and peanut oil have been some 
what less effective than beef fat, coconut 
oil, and commercial grease The addition 
of fats to a ration at a level between 8 
and 18 per cent increases calorie densii) 
of the ration and dianges tlie ratio of 
energy to tlie otlier nutrients For optimum 
results tins requires a proportionate m 
crease m levels of essential amino aads 
and possibly other nutrients More re 
searcli is needed m tlus area 
The early weaning of pigs (5 to 10 da)s) 
IS being studied as a means of reducing 
the cost of production of market hogs 
Tlus entails die use of milk replaccrs 
Most successful milk replaccrs have m 
eluded a rather large proportion of dry 
skim milk which is quite expensive Lewis 
et al (1955) have found that baby pig* 
under 3 v\eeks of age produce amounts 
of proicol)Uc and am>lol>tic enzymes 
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which are insufficient for the adequate di 
gestion of dietary proteins and carbo 
hydrates other than those of milk These 
researchers have found that supplementa 
tion of basal diets for pigs under 3 weeks 
of age, in which the protein source was 
either soybean protein or casein, with cer 
tain proteolytic enzymes increased gams 
and feed efficiency Further research in this 
area may make it possible to reduce 
drastically or even eliminate the dry skim 
milk used in milk replacers for pigs 
The use of hormones and hormone like 
materials in swine rations has received 
considerable attention by researcli workers 
m recent years Among these are thyro 
proteins, dieihylstilbestrol, and methyl 
testosterone 

The results of Braude (1948, 1950) m 
dicate a definite inaease in rate and 
economy of gam when combinations of 
lodmated casein and stilbestrol were ad 
ministered orally to growing pigs As much 
as 680 mg of lodinated casein and 40 mg 
of stilbestrol were fed per pig daily It 
was observed that the treated animals had 
longer backs and legs and that they were 
less fat than the untreated controls 
Taylor and Gordon (1955) fed growing 
pigs a diet containing 6 mg of stilbestrol 
and 0 3 mg of thyroxine per pound of 
feed with no increase in rate of gam or 
feed con\ersion They reported five cases 
of toxicity with three fatalities out of 18 
treated pigs -while none occurred in the 
controls The symptoms could be repro 
duced by feeding stilbestrol alone at a 
level of 20 mg per pound of feed 
Beeson et al (1955) reported results of 
feeding dietliylstilbestrol at a le\el of - 
mg per pig daily, or 20 mg per pig daily 
of methyliestosterone, to grooving and fat 
tening pigs The feeding of tliese hormones 
did not improve die rate or economy of 
gam Tile stilbestrol produced inaeascd 
mammary development in bodi barrows 
and gills and caused enlarged vulvas m 
tltc gills The feeding of meUiyltesiosieronc 
t^used an increase in die percentage o 
lean cuts and reduced the pcrccnuge ol 
fat cuts m die carcasses compared with 
die untreated animals The stilbestrol ferf 


pigs produced carcasses intermediate be 
tween die untreated pigs and those fed 
testosterone with respect to percentage of 
fat cuts and lean cuts Chemical analysis 
revealed that the testosterone fed pigs had 
5 per cent less fat and 5 per cent more 
lean m their carcasses than die controls 
Perry et al (1956) reported the results 
of feeding to growing and fattening pigs 
an average of 0-62 mg of methyltestoster 
one per animal daily m a free choice pro- 
tein supplement in dry lot from a starting 
weight of 51 lb to a final weight of 210- 
220 lb A daily intake of 27 mg or more 
of the methyltestosterone produced a 
highly significant growth depression but a 
significantly decreased back fat diickncss 
Gobble ct al (1957) have fed diethyl 
sulbesu-ol at three levels (75, 150, and 300 
»g per pound of feed) or methyltestosterone 
«five levels (2 4, 6, 12, and 15 mg per 
pound of feed) to growing and fattening 
pigs, gilts being developed for the breed 
mg herd, and boars and barrows astrated 
at different ages, to detennine die effect 
of tliese materials on rate and efficiency 
of growUi carcass value and reproductive 
capacity in gilts intended for the breeding 
lierd These levels of diediylstilbwtrol had 
no effect on rate or economy of gam or 
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I^piorchids fed 15 m- “I 


tlJC CIICC.1 — 

eeononi) of gam am 


and uniUicul 
of icitoi crone j>cf 
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pound of feed from weaning and slaugh 
tered at about 220 lb showed subnormal 
tesucle size but had seminal vesicles, pros 
tate glands, and bulbourethral glands 
which were about normal in size Lorn 
roasts and chops from these boars, fed for 
more than 100 days, did not have the 
characteristic boar odor during and after 
cooking but were somewhat more coarse 
m texture of lean than untreated barrows 
of similar age Data also were obtained 
relative to the effect of tlie 6 and 12 mg 
levels on rate and economy of gain, cer 
tain carcass characteristics, and reproduc- 
tive organs and glands of barrows and 
gilts No consistent increase in carcass 
value was observed in gilts Depending on 
length of feeding period, both levels in 
CTeased carcass value in barrows without 
significantly decreasing rate of gam 

It IS known iliat 15 mg of methyltestos 
terone per pound of feed fed to barrows 
from weaning to 215 lb will significantly 
increase the percentage of lean cuts and 
decrease the percentage of fat in the carcass 
but at the same time significantly decrease 
the rate of gam 

The cost of methyltestosterone at present 
IS prohibitive for use in practical rations 
and optimum levels and methods of feed 
ing have not yet been determined 

FEEDING THE BROOD SOW AND GILT 

The importance of the feeding of brood 
sows and gilts should be emphasized for at 
least two reasons the cost of the feed 
given to these animals constitutes a sub 
staniial portion of the total cost of pro 
ducing market hogs, and the size and 
weight of the litter at farrowing and the 
subsequent performance of the pigs pro- 
duced are materially affected by the feed 
mg of the sow herd Thus, m order to 
realize a maximum return from the enter 
prise, It IS necessary to feed rations which 
are balanced nutritionally and are eco 
nomical The value of pasture or liberal 
amounts of high quality legume hay in 
diese rations should be emphasized The 
amount of feed fed is also very important 


Underfeeding of pregnant animals and 
lactating animals is harmful to the off 
spring Overfeeding is wasteful and may 
reduce the number of pigs farrowed and 
weaned Excessive fatness is to be avoided 
in botli sows and gilts because tins de 
creases their ability to farrow large litters 
of strong pigs Overfat sows are less likely 
to raise the pigs they farrow because tliey 
are clumsy and often lazy 

Sows and gilts should be fed liberal 
amounts of balanced rations for 2 or 3 
weeks prior to the breeding season, if pos 
sible It IS thought tliat this increases the 
number of eggs ovulated After breeding, 
die amount of feed given should be re 
duced to about 1 25 lb of feed per 100 lb 
live weight for sows and about 1 75 lb 
per 100 lb live weight for gilts The latter 
need a higher level of feeding because they 
are still growing The nutrient require 
menu of pregnant gilts can be broken 
down into four fractions requirements 
for maintenance, growth, producU of con 
ception, and preparation for lactation 
The last three fractions involve the storage 
of nutrients The pregnant sow does not 
have a requirement for growth Pregnancy 
lUelf does not impose any particular hard 
ship on the sow or gilt because the amounts 
of nutrients stored m the producu of con 
cepUon are not large 

During gestation, sows and gilts are 
usually hand fed although they may be 
self fed if die ration is bulky enough to 
prevent their becoming too fat Rations to 
be self fed to pregnant sows and gilts 
should contain 12 to 15 per cent or more 
of crude fiber, and the condition of the 
animals should be carefully watched so 
■ihai ihe proper gains are made Exercise 
is considered by many to be a factor m 
the production of strong, vigorous pigs at 
birth 

Usually the pregnant female is placed 
in her farrowing pen or stall a few clays 
before she has her pigs This ordinarily 
means a restriction of exercise with a pos 
sibility of constipation The substitution 
of wheat bran for one third to one half ol 
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(lie regular ration presentt this !Iu ton 
smcnc> of (he droppings should be 
\>ntc}icd circruli) 

The sou needs no feed fur 12 hnun 


before and ificr htrouing If she is rtst 
less and seems hnngr), a Inndful of brin 
on her uatcr uill hcl[) to tjuiel her 

After farrouing. the amount of feed 
gi\cn the sou should he limited If the sow 
IS fed loo much Kxj soon after iht pigs ire 
born, she uill |)ioduce more milk ilian the 
pigs can like, uitli cikcil udders iml 
scouring pigs the result Teed the sow 
about 2 lb of feed the second day ifter 
die pigs ire born and gnduill) increase 
the amount until she is on full feed b> 
the lime the pigs are 10 to 12 da>$ old 
It IS advisable to self feed i sow nursing 
G or more pigs inch a sou, if prothicmg 
ucll, often uill not be able to tat enough 
feed to produce the milk and maintain 
her Iwdy ueight Self feeding increases 
feed consumption The ration fed tlic sovv 
during lactation should be balanced and 
palatable and should be fairly lo"^ »] 
fiber The fiber content should be limited 
to a maximum of 8 per cent Sous particii 
larly during lactation, should have free 
access to clean, fresh uatcr A few da)s 


before ucimng, the amount of feed gi'C” 
the lactaiing sow should be I educed by 
onchalf to luo-thirds This uiH tend to 
reduce the milk How so that uben the 
sow IS separated from her pig* die danger 
of caked or dam tged udder sections wi 
be reduced T he sow's feed should c 
hmued after ucaning until her udder is 
dried up 

Baby pigj should have access to a smt 
able ration in a creep, in addition to * * 
sows milk, as soon as they will eat dry 
feed TJic creep ration should be we 
fortified wiili vitamins and minerals la'e 


protein of high quality, be 


concentrated 


and palatable The use of excellent pas 
ture for suckling pigs is highly desirable 
High quality protein supplements o a 
mal origin arc quite valuable m a p g 
starter or creep ration The palaia i y 
of die mixture can be improved by m 


chiding 10 per cent of cane or beet sugar 
and bv ]>cllctmg the ration The feeding 
of an cITcctive aniibiotic to suckling pigs 
1 $ mdicaicd Because of ilie complex na 
turt of nnnv recommended pig starters it 
is often economical for the smaller pro 
ducer to purclusc a commercial starter 
from a rtpuiable feed manufacturer 

Ihe herd boar should be fed so as to 
keep him 111 a vigorous thrifty condition, 
neither too thin nor too fat Pasture 
should be provided when possible be 
cause of the nutrients it provides and be 
cause of the increased opportunity for ex 
erase Rations suitable for pregnant sows 
and gilts ire suitable for mature boars and 
)oung boars, respective!) (see Table 51 I) 

The amount of feed given the boar is 
tisuall) increased just prior to and during 
the brccthng season Boars sometimes go 
off fcal 'Mien lliis happens, particularly 
diiriiig the breeding season the use of 
rather expensive feedstuffs to improve teed 
consumption is jusuned Milh, rolled oats, 
raw efcgs, and sugar or molasses are espe 
ctally well hl>cd 

The feeding of growing and fattening 
PICS from weaning to market weight is a 
fery important factor in the ffnaneial sue 
CCS? of swine production It is in tins area 
d“l tlic swme feeder has a great oppor 
lunitv m reduce Ins cost of production 
The 'nutrient requirements for market 
?'!ne of various weights are given in 
Table 51 1 The formulation of rations for 
J.HC animals should be considered Fol 

ImTng aretbe steps to be followed m one 

method of ration formulation 

1 Identify class of swine to be fed 

2 Set die appropriate set of numen. 

f baCced nutritionally 

b palatable and safe 
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mm and fiber levels are adjusted, pro 
tern quality is provided for, and an 
antibiotic is added) 

5 Adjust the amount of cereal gram and 
high protein supplement so as to have 
a mixture whidi supplies the coirect 
level of protein 

To demonstrate the use of this pro 
cedure the formulation of a ration for a 
50 lb pig to be fed for slaughter in dry 
lot may be used as an example The re 
quirements for 501b market stock given 
in Table 51 1 are used In steps tliree and 
four a knowledge of the nutrient content 
of the various available feedstuffs is neces 
sary The list of ingredients selected could 
be yellow, dent corn, meat and bone 
scrap, 50 per cent protein grade, soybean 
oil meal, solvent process, high quality 


alfalfa hay, ground, antibiotic feed supple 
ment, vitamin Bja feed supplement, and 
salt All these ing;redients are safe palat 
able, and economical 

Meat and bone scrap included at a level 
of 5 per cent improves the protein quality 
of tlie mixture and helps to raise the pro 
tein level, adds materially to the calcium 
and phosphorus contents, and adds water 
soluble vitamins, especially vitamin B :2 
Ten per cent of high quality alfalfa hay 
meets the requirement for carotene and 
vitamm D, adds calcium and protein, and 
helps to raise tlie water soluble vitamin 
levels except for vitamin Bja The vitamin 
Bij supplement is used to increase the 
amount of tins vitamin supplied by the 
meat and bone scrap to the point that the 
requirement is met If the vitamm Bis 


TABLE 51 3 

Examples op Swine Rations Using tub Common Grains 



Com 

Barley 

Wheat 

Oats 

Wheat 

Midi 

Ground , 
Alfalfa 
Hay 

36% 
Hog 
Suppl • 

Total 

Dunng Gestat on (hand fed) 

1,000 



500 




2,000 

Uuiing Gestation (self fed) 

800 







2 000 

Durmg Lactauon (hand or self fed) 

1,100 








During Lactauon (hand or self fed) 

1,100 



200 




' 2,000 

Growing & Fattening (self fed) 

1,500 







2 OOO 

Growing & Fattening (self fed) 

1,300 








Growing &. Fattening (self fed) 

800 








Growing & Fattening (self fed) 

600 








Growing & Fattening (self fed) 

1,000 



200 

1 400 


400 

2,000 


• For example of a 36% all 
containing about 36% protein ca 


purpose hog supplement, sec tables below 
n be used in these rations 


Most commercial hog supplements 


A 36% Hoc Supplement 


^llNERAL MdCTURS 


Ingredient 


Amount 


Ingredient 


Amount 


Meat scrap tankage or flsh meal (60%) 
Alfalfa meal (16%; 

Soybean oil meal 
Cottonseed or linseed oil meal 
Minerals (sec table at right) 

Irradiated yeast 

Niaanf 12 gm 

Riboflavin 4 um 

Pantothenic aad 
Vitamin Bit 

AnUbioUc (Aurcomycin or 
Tcrramycm) 


400 lb 
400 lb 
800 Ib 
300 Ib 
100 lb 
0 5 lb 
per ton 
per ton 
per ton 
per ton 


50 gm per ton 


8 gra 

40 mg 


Iodized salt 25 lb 

Dicalcium phosphate or steam bone meal 25 lb 
Ground raw limestone 50 lb 

Ferrous sulphate 2 0 Ib 

Copper sulphate 0 1 lb 

Cobalt sulphate or carbonate 0 1 lb 

Manganese sulphate 0 2 lb 

Zinc carbonate 0 8 lb 


JVaK 'Ttua mincsal tati be made available 

free choice to all classes of swine 


t Vitamins and anubiotics ui amounts indicated are necessary to obtain optimum performance These 
vitanuns and anUbiotics arc mcluded m most commeraal hog supplements If the farmer wishes to mix hu own 
supplement, these vUamins and antibioucs must be obtained from a feed dealer 
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potency o£ the supplement is 1 5 mg per 
pound then 0 25 per cent will be needed 
The result of adding the antibiotic feed 
supplement is obvious If the supplement 
supplies 5 gm of antibiotic per pound 
then 0 1 per cent will be needed to supply 
a level of 5 mg per pound Corn is die 
major source of energy, and the soybean 
oil meal is used to supply protein quan 
tity and quality, some phosphorus and 
certain water soluble vitamins To avoid 
any possibility of a salt deficiency 0 d per 
cent of salt is added The amounts of corn 
and soybean oil meal will be adjusted to 
provide a level of protein of 16 per cent 
Set up tlie ration in the following man 
ner formulating on the basis of 100 lb 


Pioiein 

Ingredient Po undi S ppl ed 

Com 

Soybean o 1 meal 
Meat and bone scrap 5 00 

AlfaUa hay 10 00 

Antibiotic feed s ipplemeot 0 10 
Vitamin Bu supplement 
Salt OiO 

15 85 


In order to have 100 lb of mixture it is 

necessary to add 84 15 Ib of corn and 

soybean oil meal This amount of th»' 

tivo ingredients ivill have to supply 

lb of protein The correct proportions o 

com and soybean oil meal can be calcu 

lated m the following manner 

bet X = lb of corn needed 

Let y = lb of soybean oil meal neede 

Then x-f y=:84 15 tk f 

One pound of corn supplies 0 087 1 ® 

protein One pound of soybean oil meal 

supplies 0 457 lb of protein 

Then 0 087x 4 - 0 457y= 11 91 ^ , 

When the two equations are solved simu 


249 
I 60 


taneously it is found that 71 76 lb of corn 
and 12 39 Ib of soybean oil meal will com 
plete tlie desired 100 lb of mixture and 
will provide a protein level of 15 99 per 
cent This ration provides also die fol 
lowing amounts of the various required 
nutrients diat need be considered cal 
ciura 0 71 per cent phosphorus 0 56 per 
cent carotene 3 0 mg per pound vitamin 
D 91 International Units per pound 
riboflavin 14 mg per pound niacin II 
mg per pound vitamin 5 2d ,tg per 
pound and pantothenic acid 3 dS mg per 
Mund The ration is balanced except for 
Mntodiemc aad which is deficient by 
I 47 mg per pound This deficiency can 
be corrected by adding calcium panto- 
thenate at the rate of 147 mg per 100 lb 
of feed in an appropriate premix using 
ground corn as a carrier 
The principles involved in formulating 
the above ration may be used in com 
pounding muons for any class of siiinc 
Rations tor siiine on good pasture need 
not include hay or a B vitamin supplement 
ivitli tlie possible exception of vitamin 
B,. and an be somewhat lower in p^ 
leln than the lei els indicated in Table 

5] 3 Eises examples of some swine 
ratTons I .1 IS desireii to scitfeed the 

Sam and protein supplement frcc-dioice 
possible to use a 

eiSieScStommmcd or purchased from a 

r ^ L Tefcr to Feeds and Feeding by I 
feeding retcr , , , i uy jic Morrison 
n Morrison publishcii oy ui«- 

St^HillBuobCoiiipan, New 
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Vr.moi.ks Vnalvsis. 19j7 'O* I \ aVO \»HT0V ^ itg j 

BAR.NHART C E Catron D V- Qw'' Jo«r Vnim ^ H I- an» 

ment of Mcanhng U U S«mi F j,, „„ teed lol 

Rarrick E R Blumlr. T N *c>eial »•««“* 

Stimart W a 1935 lour An m So • ^ FcttlnufU- 25 li 

and carcass character $na oti ^ ,«ju remenu of 
Beeson W M 19a6 Mineral and am 



Section VIII MITSITION, FEEDS, AND MANAGEMENT 

Ccisos, W M, Akortos, F. N. Puun. T. W. A.-.o Siob, Mo 1935 The edcct ot orally adminis- 
icrcd slillFcstrol and testosterone on growth and carcass composition of swine. Jour. Anim. 

E. W. CuMiA. T. J, Etiis, N. R. J-Oecke, R, W: 1933. Nutrient re- 

()iiircmcnis for domestic animals No. 11. Nutrient requirements for swine. Nat. Res, 
Council Piihl 295 o e r 

Bon siiiir . C 1955 Calaum and phosphorus in swine rations Proc. Cornell Nuir. com lor 
Fc^ Manufacturers. . 

DitAtOE. R.. 19^18 Stimulation of growth in pigs bjr lodinated casern and stubestrol Nature, 1-on- 
don IGl S5C. , xr 

19j 0 Stimulation ot growth in pigs by lodmatcd casern and slilbcstrol. Brit. Jour. Nutr. 

4 158 

Caucron, C a 1919 Suckling pig anemia m relation to nutritional anemia. M. S Thesis, Pa. 
State Coll , Unpublished. _ 

Carroll, W E„ wo kuotR, J. L,: 1953. Swme Production, 2nd cd McGraw Hill Book Co, 
New 5Qtk 

OursiAv. 11 L., Jr., Kasttlic, J , Asirros, C C, and Catrov, D V.: 1955. A comparison of 
phosphorus from dilfereni sources for growing and rmishing swme. Jour. Arum Sa. 
U 1073 

Uaiis. G K.. Hale. E. B, ash Frfemas, V. A: 1913 Response of pigs gitcn lirge doses of 
Solmonella ctioieraciuis to sulfaguantdine, nicotinic aod. thiamine and p^ridoxine Jour. 
Anim Sa 2 133 

Uav. U S . Avofason, C C , JoiiMOv, V. K . and Lewis, \V. l_: 1953 The cJTcct of a high fat 
ration on swme gams and carcass quality. Jour. Anim. Scl. 12 944. 

Dlnsc, II. \V, LLrxKC, R \V. McMillus, W. N, Crav, M. U. and Thorp, F., Jr.: 1949 The 
pathology of niacm dcficiciic) m swine. Amcr. Jour. Vet. Res 10 351. 

CoBSLL, I !_ Miller. R. C. Shirritt, C W, and Dunne. H W; 1950 Soft phosplnic with 
collouhl clay as a source of phosphorus for growing and fattening pigs. Pa. Agr. Exp. Sta. 


Bull C03 
data 


•. ZiECLOt, P T. AND Dunne, II. W* 1957. Pa. Agr. Exp. Sta. Unpublished 

CROsaikr. A. C 1955 Pankeraioiu. a type of dermatitu m pigs Proc. Nutr Ceunal, Amcr. 
Feed Manulaeiurcn Assn (May) , p 10. 

IUnson L. E. 1951 Forty years of progress in swine feeding Feed Arc I 20, 
nuiiit, ), A.; 1950. Advances in swine nutrition. Proc. Cornell Nutr. Conf.. p. 44. 

JiJUiAS, C L., kLNMNciON, M. II.. I'lUMLtc. M. P., AND OcLSON, W. M.t 1950. Phosphorus sup 
plcnicnii for swme. Ind Agr. Exp Su. Mimeo. A. U. 182. 

NRorr, I) 11., PcAuoN. A. M, ano Wallace, It. D.: 1951. OlMrvations on the use of watte beef fat 
in mine raiioiii Jour Anim Sci 13 030 

U.W 11 . C J„ Cairon, D V , Lju, C H . SitiR, V. C, and Ashton, C. C.: 1955. Emymc supple- 
meiiuihin of luhy pig dices. Jour. A;^. Foo.1 Chem. 5 1017. 

W N . AND Thorp, F, Jr- 1917. Further studies on the relationship 
pioicm in swine nutniion. Jour. Anim Scl. C 48.8. 
liirr, E. r- Dlison, W. \I , and |ArxsoN, If. D.: 1952. Clauificaiion of essential ammo aadt 
^ !’'5 Biochcm and Biophysics. 58 121. 

MUi£t.R C.. CoiiiiLc, J L- AND KuiM,L.j4 1951. Response ot DIRS to {celling of Niiamm Bu. 

iticpitiinycin and lulfaihalidine. Proc. Soc. Exper. Biol, and Mtd. 78 ICt 
Mn.Rivos^ K a, AND lARUJ, J. M- 1922. Ell.oeni raiioru for pigv Wii. Agr. Exp Sia. Bull. 352. 

PisRr. r W, UnwN \V M, A^n Momra, \f. T- 1953. Adding animal fat to i 
Ind Krt. Exp Sla. Mlmeo. A. 11. IIG. 

• : ' AM.«twi, F. AND Stob, M; 1956. Tlie clTccU of vaiious leicli of 

Ail in ^^r*15 IWM testoiicroiie on growth and carcau cum|Kniiion of swiiic. Jour. 

I’lLMUr. M l\ Kinmncton. M. It, «nd UrrsoN, W. M* 1055 UtiUration of phoiphorus from 
iit/owi KAjites by growing fjiiciimg swine. Jour. Anim. Scl. 14.1220. 
lAiixiR, J H, AND CrjwjuN, W. s- 12J5 rhe cttcci of feeding a diet cuniamlng sciU^sircl and 
K'“'*nS P'o' Niib ijKxtal tcfrtcnce to Ihe toxicity of siilticstroi. let. Rcc. 

VisTxi.^C P'nS n«il salt —won let than gel hungry for It. Ind. Agr. Exp Sta Mlmeo. 

,* *" txp. Su. Mlmeo A. H. 23. 

— — . I9l*h Tie kioJ of snpplfnicnl fed IntlucrKn the amount of extra salt tniuircd m a 
1 m g iJiun. Ir-i. Agr. E»l». S a- Muuco A. 11, 28 


) swine rations. 


s TERRILL, B S , Ph D 
University of tUinois 


CHAPTER 52 

Swine Management 


Successful hog producers skillfully direct 
311 phases of the enterprise Those who 
make the most money practice good man 
agement by carefully controlling feeding 
breeding sanitation shelter, and general 
wre of their hogs at all stages of growth 
They try to do each task at the proper 
time and m sucli a way as to get the best 
performance per unit of labor, feed, and 
investment m stock and equipment In 
actual practice many compromises are 
necessary, but more money is probably lost 
rough poor management tlian through 
®tl)er major aspect of hog production 
The importance of good feeding and 
P^triUon is stressed in Chapters 49 and 51 
ood feeding must be coupled witli a 
good breeding sjstem, sound sanitation and 
‘sease control, proper shelter, and care 
nianagcment of eadi phase of tlie 
s'wne raising c)cle 

breeding 

The art of breeding is old, but tlic sci 
breeding is relatively new The rc* 
^ of more than 20 )ears of scientific 
rcseardi are available 
. *• 1953) In general, these results 

"d to parallel the history of die develop 
dou/ hybrid corn Future rcseardi v»ill 
^ j ansuer many questions that can 
oc answered satisfactorily at tins time 
I>crfonnancc of svsmc vanes as a 


result of differences in heredity and en 
vironment and the joint cfTecis of iJic tuo 
Heredity is based on genes that ire pissed 
from parent to offspring Thus improve 
ments in hercdit) arc passed on to the off 
spring 'Vlien die environment of the pig 
is improved by the provision of belter 
feeds, more comfortable quarters and pro- 
tecuon against disease, an immediate im 
provement in the animal is evident, but 
Sone of this improvement is passed on to 
die offspring by genes. , , . ^ 

To understand recommended brctdirij, 
sjsicins, definitions of die 
used in swine breeding work arc helpful 

Common Terms Used m Swme Brooding 
Work 

cprcscnis ilie ^mou jj 
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generation Thus selection is effective in 
changing a trait that has a high heritability 
for example a trait that is affected to a 
fairly large extent by heredity and to a 
fairly small extent by environment 

Outbreeding is the mating of animals 
within a breed that are unrelated The 
genetic background of an outbred herd is 
clianged quite frequently by introducing 
into the herd boars that are unrelated to 
the sow herd 

Crossbreeding is a more extreme form 
of outbreeding m which animals of differ 
ent breeds are mated In a rotation cross 
breeding system three or four breeds of 
boars are used m sequence and the cross 
bred gilts are bred to a boar of the next 
breed in rotation 

Inbreeding is the mating of animals tliat 
are more closely related than the average 
of their breed An example of the closest 
possible sort of inbreeding would be the 
breeding of a boar to his Utter mate sister 
or to his dam An inbred line is developed 
by mating several generations m a group 
closed to outside blood Usually two gener 
ations of brother sister matings or four or 
five generations of half brother-half sister 
matings are needed to develop an inbred 
line Linebreeding is a very mild form of 
inbreeding m which the blood of a cer 
tain ancestor is concentrated by using his 
descendants m Uie breeding herd 
Inbred lines have been developed by 
close matings within a herd of (1) a pure 
breed or (2) a crossbred foundation from 
two or more pure breeds An illustration 
of pure breed matings is the inbred lines 
dei eloped within the Poland China 
Duroc, Landracc Yorkshire and otiier 
breeds at the \arious experiment stations 
The procedure of de\cloping mbred 
lines from a crossbred foundation has been 
used cxtensi\cly at the Minnesota Station 
and by the U S Department of Agricul 
tiire Some of these inbred lines ha>c been 
expanded and registered as inbred breeds 
by the Inbred Lnestock Registry Assoaa 
non Following arc some of the inbred 
lines that were developed from a cross- 
bred foundation 


Breeds Used in Foundation 
(approximate percentage of 

Inbred Line total) 

loland China (25%) Land 
race (75%) 

Duroc (32%) Hampsl ire 
(5%) Landrace (5%) 
Yorkshire (58%) 

Berkshire (38%) Landrace 
(62%) 

Landrace (55%) Tamisonh 
(45%) 

Poland China (60%) York 
shire (40%) 

Beltsville No 2 (6%) 
Gloucester Old Spot (31%) 
Large White (11%) Poland 
China (20%) Minnesota 
No 1 (5%) Minnesota No 
2 (4%) San Pierre (9%) 
Welsh (14%) 

Hampshire (45%) Landrace 
(55%) 

Chester White (65%) Land 
race (35%) 

Berkshire (50%) Chester 
Whit e (50%) 

Hybrid, as the term is generally accepted 
by animal breeding specialists means a 
combination of mbred lines The hybrid is 
produced by crossing two or more mbred 
lines usually from different breeds The 
terms bnecross and tncross are often used 
to indicate a cross of inbred lines Line 
crossing can be done eitlier witliin or be 
tween breeds but the term is often re- 
stricted to the crossing of inbred lines with 
in a breed, whereas the terms hybrid and 
incross are commonly used when tlie m 
bred lines that are crossed belong to dif 
ferent breeds For example a seedstock 
producer of hybrid boars might cross two 
inbred lines, such as Beltsville No 1 and 
Maryland No 1, to furnish hybrid boars 
for the first cross m a farmer s herd He 
might cross Minnesota No 3 with an m 
bred Duroc line to furnish tlic second hy 
brid boar m die farmers rotation crossing 
program And then he might cross two 
inbred lines, sudi as Minnesota No 2 and 
Beltsville No 2, to produce hybrid boars 
for die third cross m the rotation 


Beltsville No 1 
Beltsville No 2 

Maryland No 1 
Minnesota No 1 
Minnesota No 2 
Minnesota No 3 

Montana No 1 
Palouse 
San Pierre 
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Hybrid vigor is the term applied to the 
increase in performance that results when 
unrelated breeds or lines are crossed 
Crossbreds express hybrid vigor because 
they receive unlike genetic material from 
the dam and the sire 


Summary of Sv/ine Breeding Research 


Selection is an effective means of chang 
mg type in hogs For example, the meat 
type characteristics of a ' lardy” herd can 
be improved rapidly by using boars that 
have a minimum of backfat diickness and 
by selecting the gilts m the herd that have 
the least backfat thickness Carcass traits 
such as lengtli of body, backfat tliickness, 
percentage of fat cuts, and loin lean area, 
have high heritabilities falling in the range 
of *10 to 60 per cent 
Present methods of selection do not seem 
to be effective in producing further im 
provement in litter size and brood sow 
productivity m superior purebred strains 
Mso, the heritability of number of pigs 
tarroised or weaned per litter and of litter 
weight appears to be low — about 
‘0 to 15 per cent 

Present methods of selection are mildly 
fifteciive in improving rate or efficiency of 
gams Only about 15 to 25 per cent of die 
ifference m these traits between pigs is 
ue to inheritance The rest is due to sucli 
**ugs as feeding, management, and dis 


nbrceding usually reduces performance 
^ s inbreeding goes up, it seems to be most 
^U'lnicntal to brood sow productivit), pig 
^*^ival, and sexual maturity, but growUi 
to IS aisQ reduced to some extent Jn 
^recuing, hoivever, seems to liase hide cf 
on carcass characteristics or on feed 

cificicnc) 

Ihe trails dial are affected most un 
J'orably by inbreeding and Uiat respond 
•‘it to selection (for example, brood sow 
uctisiiy and pig sursnal) produce d»c 

amount of hybrid Mgor S'hcn 
‘“■c crossed Crossbreeding tends lo 
an I hybrid Mgor for gros^di rate 

to cause earlier sexual maiurity m 
/ toalcs and females, but improvements 
type arc made primarily by sclcc* 


tion Crossbreeding seems to give die great 
est boost when die breeds that arc crossed 
come from widely different genetic back 
grounds Outbreeding within a breed also 
produces hybrid vigor but not to the c\ 
tent as die crossing of breeds 
Briefly, research results indicate that 
some of the most important production 
cliaracteristics are dilTicult to improve 
further by selection as it is now practiced 
These same characteristics dcicnoratc 
greatly by inbreeding, but are helped by 
crossbreeding and m certain instances arc 
helped furdier by skillfully combining in 
bred lines 


Recommendahons for Commercial Hog 
Producers 

Commercial hog producers should fol 
lortf a crossing program because the results 
tn nearly all experiments hare shoisn cross 
breds to be superior to non-crossbreds 
One of the simplest methods of crossing 
to produce marhet hogs is to rotate three 
or four breeds or lines of boirs Eacli lioir 
can be used until the gilts from Ins Inters 
™ rnto the breeding herd Then these g. ts 
L bred to die next breed or ime m the 
rotation The older boar may be lept for 
breeding the dams of these gills 05 long n 
tliev arc retained in the herd 
Commeraal hog producers may use any 
one of the following hinds of rotations 
(1) purebred boars (2) mbred boars (3) 
liylrfd hoars, or (I) a combination of two 
or more in one rotalion 
•nie following examples 
nurebred lioars are gnen only ai 5i „ 
gcslions otlier coinhinaimni may be 

TxaJi.p^.r'.-"-- 

'’“E'^mplc 2-3orh.li.re. Ilamprlme, Du 
'Ixamplc 3 -llerh.hire. LanJrate. 5,xn 
ted I’oland Cluna ,,,„cl,tcd U>ata 

■>“'“''“"E:murrab:!c:’.he"^ 

giseri m ‘ ‘ ^ Ijndratc tor w ho 

duccr would ina c j,„;l,ltr> of t’ X 

present sows. Min' t'x ,o 

wtod bur a rWsnl 

placement gUt** 
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China boar to breed to them 'Wlien the 
daughters oE die Poland China boar tvere 
introduced into the breeding herd, he 
uould secure a Duroc boar to breed to 
them Daughters o£ the Duroc hoar would 
be bred to a Landrace boar and the rota 
tion continued 

Here are some suggested rotations of in 
bred boars 

Example 1 — Maryland No 1, Minnesota 
No 2 Minnesota No 3 
Example 2 — Ileltsville No 1, Beltsville 
No 2 San Pierre 

Example 3 — Minnesota No 1, Minne 
son No 2, Minnesota No 3 
In a rotation of hybrid or incross boars, 
the procedure a\ould be the same except 
Uiat each boar would be a cross between 
two or more inbred lines Some companies 
selling hybrid boars make known the in 
bred lines they use to produce each hybrid 
boar other companies do not re\eal tins 
information In some instances the hybrid 
boir producer crosses inbred lines that 
base a common breed in their background 

Here arc some examples of rotauons 
using a combination o( purebred and in 
bred boirs 

Example I ~ Mat) land No 1, Duroc, 
Minnesota No 2 

Example 2 — Landrace, San Pierre, York 
shire 

Example 3 — Beltsville No 1, Hamp 
shire Yorkshire 

The cllectivcncss of a rotation cross- 
breeding program will depend upon (!) 
whether the boars conic from herds where 
there has been effective selection for meat 
i)pc. grow ill rale, feed cfTicicnc), and brood 
sow iirodiictivit), and (2) vshcUier the 
strains used in the rotation hive high 
combining (nuking) ability Much of the 
current swine breeding rcscardi is con 
ccrncil with idcntil)ing outstanding lines 
that have combining ability or wiUi dc 
vcloping lines liut combine well in a cross 
mg program 

Iwu phnt arc being followed to iin 
prove traits where nicking is im{>ortanL 
One is to make man) inbred lines and test 
them in crosses to sec v%hich ones nick 
particularlv well The other is to esublish 


two strains that have already proved to 
cross well and then progeny test the mem 
bers of each strain by crossing them to the 
other strain Then only the parents witli 
the best crossbred progeny should be used 
to perpetuate the pure strain This process 
IS called reciprocal selection The results 
of current and future research will prob 
ably tell which plan is best for tlie swine 
industry 

Testing Programs 

Botli seedstock producers and commer 
aal hog producers conduct programs to 
identify outstanding stocks To make bet 
ter breeding stock available to his custom 
ers die seedstock producer must effec 
Qvely test and select for improvement in 
meat type, growth rate, feed efficiency, and 
brood sow productivity in his herd 
Commercial hog men are demanding 
records on boars available for purcliase 
Tliese are some of die characteristics they 
want m die boars they buy from seedstock 
producers 

1 A backfat diickness of not more tlian 
1 3 inches at 200 lb when full fed 

2 ^Veigh 200 lb at five mondis of age 

3 Produce a pound of gam on no more 
than 3 3 lb of feed 

4 Come from a herd that has had at least 
eight pigs raised per sow 

MEASUREMENTS TO USE IN TESTING 
PROGRAMS 

The producer will usually be interested 
in testing for one or more of die following 
economically important characteristics 
meat i)pc, growth rate, feed cOicieiic), and 
brood sow productivity Simple measures 
arc needed dial arc reasonably easy to 
make and diat give reliable cstimaits of 
the iraiu Then, if these results arc used 
m an cfTcclive sckciion program, progress 
will be made Of course, improvement vsiH 
be most rapid for the traits that have the 
highest licritabilit) 

Meat type can be measured m a number 
of wa)s The animals can be appraised 
visually for sucli diaractcnsiics as length 
backfat ihickncsi and other |>oiiUs of 
coiiformatian believed to be coiiclatcd 
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with a high percentage of lean cuts Slaugh 
ter information, such as carcass backfat 
thickness, percentage of lean cuts area of 
loin eye muscle, weight of the closely 
trimmed ham, and specific gravity of the 
carcass, is an excellent measure of the car 
cass qualities of the animal slaughtered 
This information can be applied to close 
relatives Use of the Ii\e probe technique 
(Hazel and Kline, 1952) permits an in 
direct estimate of the carcass qualities of 
boars and gilts to be used as breeding stock 
since the correlation between the live back 
fat probe and the percentage of lean cuts 
IS quite high To live probe for backfat 
thickness, a small incision is made tliough 
the skin with a sharp knife about two 
inches off the midline of the back at tlie 
shoulder, back and loin Then a small 
steel ruler is pressed though the fat at each 
of these points The ruler stops when it 
bits the pork chop muscle The average of 
three readings indicates the backfat thick 
ness of the animal With another device 
the lean meter, ’ a needle is pushed 
through the backfat to determine backfat 
thickness A meter reading shows when die 
pork chop muscle is reached Most breeders 
probe when their pigs weigh about 200 
^b, but a probe adjustment table can be 
used to adjust to an equivalent probe at 
200 lb Hr 

Growl/i rate is commonly measured by 
obtaining a five or six month weight on 
®ach pig Since it is not usually convenient 
to weigh each pig as it readies five or six 
months of age, weight adjustment tables 
be used to obtain an equivalent five 
or SIX month weight In either live probing 
or weighing at five or six months of age, 
*t is important to be able to identify eidi 
pig by a system of ear notching and to keep 
^ record of the birth date of eadi litter 
tested 

Selecting by growth rate from weaning 
market weight may be more effective 
man selccung by weight at five or six 
uionihs of age, because hentability csti 
mates are higher for the former than for 
the latter 

f'eed efficiency can be measured dircedy 
keeping fceii and g-un records on ind* 


vidual pigs htteis or groups of pigs from 
the same sire This approach is used at 
central testing stations and by a few pro 
gressive seedstock producers Feed effiaency 
also can be measured indirecil) by taking 
advantage of the high correlation between 
growth rate and feed efficiency Because of 
the close relation between the two selec 
tion for growth rate is, on tlie average 
automatic selection for feed efficienc) 

Blood sow productivity can be measured 
best by litter weaning weights The Na 
tional Association of Swine Records Ins 
adopted basic requirements for an all 
breed production registry Witnessed far 
rowing and 56 day weighing reports must 
be sent to the breed record association on 
nominated Inters Production registiy re 
quirements are as follows 

1 A mature sow must farrow and raise 
eight or more pigs to a 50 day weight of 
at least 320 lb 

2 A first litter gilt must raise the same 
number of p.gs to e 55 day tt eight of at 
least 275 lb 

3 Sows qualify for production registry 
after producing two production registry 


4 To qualify as production regisip 
ires boars roust sire hve qualified daugh 
cR or fifteen daughters that haic pro- 
need one production registry litter 
Some of the breed record associations 
Le sou production testing programs 

Trmg'mopams can be classified a. (1) 

^Xad^anroglfuthc^n^ar^ 

ram. large nuroben can w :c 

atu ““r“t“Tbc 1 "fonnauon du. i. 

i-rdlruldbeuscdtoimprose^^^^^^ 

-ris uhere a coumiunii) 

matso^al pm'graua 
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mcnt 'iviUi indhidual testing programs may 
cause promotional and publicity benefits 
to accrue to the seedstock producers. 

The program for certified meat hogs 
adopted by die Nadonal Association of 
Suine Records is an example of on-the- 
farm testing. It is a tliree-point program 
based on (1) production registry, (2) rate 
of gain, and (3) carcass quality. 

A certified Utter is qualified as follotvs: 
(1) The litter must qualify for production 
rcgisiT)'. (2) Ttso pigs from the production 
registry litter must weight 200 lb. or die 
cquisalent at 180 da)s. Weights must be 
oil truck weights of the pigs when de- 
lis cred at the cooperating slaughter station. 
The pigs are to be delivered for slaughter 
at a weight between 180 and 230 lb. 
Equivalent ISO-day weight is calculated by 
adding 2 lb. for eadi day under 180 days 
old and deducting 2 lb. for each day over 
ISO. (3) The same two pigs from die litter 
must meet the carcass standards given in 
Table 52.1. 

Each pig is tattooed when weighed olT- 
iruck. The loin area is calculated by means 
of planimcier tracings of the loin eye made 
on parclimcnt paper. The loin is broken 
at die tcndi rib. The carcass Icngdi is 
measured from the front of the first rib 
where it joins die vertebra to die front of 
the aitdi Ixmc. The backfat is an average 
of ilircc mcasurciiii.nis taken opposite die 
fiisl nb. die last rib, and the last lumbar 
vertebra. Actual backfat ihickiiess is meas- 
ured to die outside of die skin and at a 
right angle to die back. 

A certified boar is one that has sired five 


TAIlLi: 52 1 
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, .Mirujnuin 

1 1.<un Area 
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) 
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litters that qualify as certified litters. These 
five litters must be out of five different 
sows, not more dian two of which are full 
sisters or dam and daughter. 

A certified mating is the repeat mating of 
a boar and a sow that have produced a 
certified litter. 

Another example of on-the farm testing 
is the Illinois Swine Testing Extension 
Project. Designed for use by both com- 
mercial and purebred breeders, it is es- 
sentially a "probe and weigh" program to 
obtain adjusted 180 day weights and live 
backfat probes on a 200'lb. basis in addi- 
tion to any litter weaning weight data that 
are being collected. 

Central station testing has been carried 
on for many years in Denmark. In diis 
country this approach to swine improve- 
ment has been used recently by local or 
county swine herd improvement associa- 
tions and by a few colleges and breed 
record associations. 

At the central testing station the aim is 
to provide as nearly as possible tlie same 
environmental conditions by using identi- 
cal shelter and equipment and by having 
each pig or group of pigs eat liie same 
ration, occupy the same amount of space, 
and go ilirough tlic test at the same time. 
Tliis plan makes possible more valid com- 
parison of the herds represented at tlic 
station than can be obtained by comparing 
on-tlic-fann records of die same herds. It 
is particularly helpful to the boar pur- 
chaser. It gives ilie seedstock producer 
publicity, and if he submits several pijp 
or groups of pigs, it also gives him a basis 
for comparing them. 

Test stations arc rather expensive to 
operate, and tlic number of pigs that can 
be tested is often somewhat limited. This 
incthoil of testing will probably be most 
useful in providing demonstrations for edu- 
cational programs involving hog jiroduccrs 
and a means of comparing herds dial rank 
high in on the farm testing. 

SANITATION 

'I here is no subviiiutc for sanitation in 
efficient hog production. .More luonc) i* 
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lost tlirough failure to follow a sanitation 
system than through any other form of 
mismanagement All four of the following 
steps in sanitation must be taken if the 
hog program is to be effective 
The farrowing houses must be cleaned 
A steam cleaner or boiling hot lye water 
(1 pound of lye to 30 gallons of water) 
should be used A power sprayer can be 
effective if used persistently until all dirt 
and foreign material are remo\ed When 
the house is dry it should be spra)ed with 
a good disinfectant The cleaned farrowing 
house and equipment are to be left idle 
for at least three weeks before each farrow 
ing season These sanitation breaks will 
help to prevent die buildup of disease 
The sow must be washed with warm 
water and soap before putting her into 
the clean pen or stall to farrow It is a 
good idea to spray her at this time to help 
control lice and mange 
The sow and pigs should be given a 
clean ride to clean pasture or a clean con 
Crete drylot Both sows and pigs must be 
hept off contaminated lots 
Clean pasture should be provided by 
raising at least one cultisated crop on die 
area between pig crops Concrete lots 
should be kept clean by steam cleaning (or 
cleaning thoroughly with water under 
pressure) and disinfecting die area between 
P>g crops 

Worming sows before die breeding sea 
son or m early pregnancy may help to 
produce healthy pigs by breaking up die 
roundworm c)cle 

management during the breeding 
SEASON 

Proper management during die breeding 
season is essential in obtaining a high con 
ccption rate in the sow herd and large 
hiiers of healthy pigs 

Tho Boar 

Hog producers often niaU die mulalc 
Of economizing on the number of boars 
purdiase to sire dicir pig crops 0 >cr 
"orking boars nia) reduce the quality anti 
*I>cnn concentration of semen The »m 
mediate result will be a lower concepuon 


rate smaller litters and i longci farrow 
ing period The final result \ ill be imn 
agement problems and lower profits 

The number of sows diat i boar can 
setde during a given breeding season will 
depend on the age and individual libido 
or sexual drive of the boir the mediod of 
mating and odier factors involving both 
boars and sows including management and 
control of disease 

In Iiand mating the boar is brought to 
each sow that is in heat for mating or vice 
versa whereas in pen mating the boar is 
allowed to run with the sous during pari 
or all of eadi day Each mctliod has certain 
advantages and disadvantages In hand 
mating more sows can be bred uiUi tlic 
same number of boars a record can be kept 
of each mating and the expected farrow 
mg date can be calculated for each sow 
Calculating farrowing dates may help to 
prevent losses at farrowing tunc 
Boars vary considerably in their capacity 
to breed during a given breeding season 
The recommendations given m Table j- - 
can be used as a guide by breeders k good 
herdsman nJth acme hoars sull 
ro exceed ihe salucs given in ihis lable 
The boar pig sliould be well grown and 
at least eiglit iiionihs old before being used 
?„r b“eedfng inbred boars may show less 
drive and reacli sexual maluriiy at a 
tor age dial, oulbrtd or hybrid boars 

Tho Femolo 

I VBLF ,, _ _ 


Hand matw | 
Hoar j 



2i I 
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merit \\idi indiMdual testing programs may 
cause promotional and publicity benefits 
to accrue to Uie seeds tock producers 
Tlic program for certified meat hogs 
adopted by die National Association of 
Swine Records is an evample of on die 
farm testing It is a three point program 
based on (1) production registry, (2) rate 
of gam, and (3) carcass quality 

A certified Utter is qualified as follows 
(1) The litter must qualif) for production 
registry (2) Two pigs from die production 
registry litter must weight 200 lb or the 
equivalent at 180 da^s Weights must be 
olf truck weights of the pigs when dc 
livcrcd at the cooperating slaughter station 
The pigs arc to be delivered for slaughter 
at a weight between ISO and 230 lb 
Equivalent 180 day weight is calculated by 
adding 2 lb for cadi day under 180 days 
old and deducting 2 lb for cadi day over 
180 (3) The same two pigs from die litter 
must meet die carcass standards Given in 
1 able 32 1 

Each pig IS tattooed when weighed off 
truck The loin area is calculated by means 
of planimctcr tracings of the loin eye made 
on pirdiincni paper The lom is broken 
at the lentil rib The carcass IcngUi is 
measured from die front of the first rib 
wlitrc It joins the vertebra to the front of 
the aitdi bone Ihc backfat is in average 
of three nicisurcmcnls taken opposite die 
lust rib the last nb, and the last lumbar 
vertebra Actual backfii thickness is intav 
ured to the outside of the skin and at a 
right angle to the back 

A certified boar is one dm has sired five 
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litters that qualify as certified litters These 
five litters must be out of five different 
sows, not more than two of whidi arc full 
sisters or dam and daughter 

A certified mating is the repeat mating of 
a boar and a sow that have produced i 
certified litter 

Anodier example of on the farm testing 
IS the Illinois Swine Testing Extension 
Project Designed for use by both com 
mercial and purebred breeders, it is cs 
scntially a “probe and weigh ' program to 
obtain adjusted 180 day weights and live 
backfat probes on a 200 lb basis m addi 
tion to any litter weaning weight data dial 
are being collected 

Central station testing has been carried 
on for many years in Denmark In diis 
country diis approacli to swine improve 
ment has been used recently by local or 
county swine herd improvement assoaa 
tions and by a fewr colleges and breed 
record assouations 

At the central testing station the aim is 
to provide as nearly as possible the same 
cnvironmcnial conditions by using idenli 
cal shelter and equipment and by liaving 
cacli pig or group of pigs eat die same 
ration, occupy the same amount of space, 
and go dirough die test at die same time 
llus plan makes possible more valid com 
panson of the herds represemed at die 
sution than can be obtained by comparing 
on the farm records of die same herds It 
IS particularly helpful to tlic boar pur 
ciiascr It gives die sccdstock producer 
publicity, and if he submits several pigs 
or groups of pigs it also gives him a basis 
for comparing diem 

lest siatiom arc rather expensive lo 
operate and the number of pigs lint can 
bt tested 1 $ often somewhat liniitcd Ihii 
mcthoil of testing vvill probably l>c most 
useful til providing demonstrations for c<lu 
cauonal programs involving hog piodiiccis 
and a means of comparing herds that rank 
high tn on the farm testing 

SANITATION 

I here ts no substitute fur sanitation >n 
efficient hog piocluctlon More money 
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lost through failure to follow a sanitation 
system than through any other form of 
mismanagement All four of the following 
steps in sanitation must be taken if the 
hog program is to be effective 
The farrowing houses must be cleaned 
A steam cleaner or boiling hot lye water 
(1 pound of lye to 30 gallons of water) 
should be used A power sprayer can be 
effective if used persistently until all dirt 
and foreign material are removed When 
die house is dry, it should be sprayed widi 
a good disinfectant The cleaned farrowing 
house and equipment are to be left idle 
for at least three weeks before each farrow 
mg season These sanitation breaks will 
help to prevent tlie buildup of disease 
The sow must be washed with warm 
Water and soap before putting her into 
die dean pen or stall to farrow It is a 
good idea to spray her at this time to help 
control lice and mange 
The sow and pigs should be given a 
clean ride to clean pasture or a clean con 
Crete drylot Both sows and pigs must be 
^'Cpt off contaminated lots 
Clean pasture should be provided by 
raising at least one cultivated crop on die 
wea between pig crops Concrete lots 
should be kept clean by steam deaning (or 
deaning thoroughly widi water under 
pressure) and disinfecting die area between 
P'g crops 

Worming sows before die breeding sea 
or in early pregnancy may help to 
produce healthy pigs by breaking up die 
roundworm c)cle 

^nagement during the breeding 

season 

Proper management during die breeding 
season is essential in obtaining a high con 
ception rate m the sow herd and large 
•‘tiers of healdiy pigs 
The BoQf 

producers often make die mistake 
ot ccononimng on die number of boars 
“‘c) purchase lo sire dicir pig crops Over 
''orking boars ma> reduce the quality am 
'perm concentration of semen The «« 

result will be a lower conception 


rate smaller litters and a longer farrow 
mg period The final result will be man 
agement problems and lower profits 

The number of sows that a boar can 
setde during a given breeding season will 
depend on die age and individual libido 
or sexual drive of die boar the method of 
mating and other factors involving botli 
boars and sows including management and 
control of disease 

In hand mating the boar is brought to 
each sow that is in heat for mating or vice 
versa whereas in pen mating die boar is 
allowed to run with the sows during part 
or all of eacli day Each method has certain 
advantages and disadvantages In hand 
mating more sows can be bred widi die 
same number of boars a record can be kc|il 
o£ eacll mating and the cvpecled farrow 
me date can be calculated for each sow 
Calculating farrowing dates ma) help to 
prevent losses at farrowing time 
Boars vary considerably in Uicir capacil) 
to breed during a given 

The recommendations given in Table 
can be used as a guide b> 

herdsman w.Ui aenvc 
,o exceed the values given in Ins table 
The boar pig sliould be well grown and 
at least eiglit months old before ■''"'o 
tXntdms ml-rcd boars ma> show Ics. 
Z dme aL reach sexual = 

iamr age dianootbrcd or bjbnd bears. 

Tho Fomal® 

a„mr:fnreedn.fb'cSafd„ru: 

X a - “>'• ' 
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of heat periods (m the gilt), affect the 
number of e^s ovulated during the estrous 
cycle of female swine After ovulation has 
occurred, litter size is further affected by 
such things as physical abnormalities of 
tlie reproductive tract, disease, nutrition, 
and probably other factors that are not 
well understood at present 
The gilt should be well grown and at 
least eight mondis of age before being bred 
for the first time Ovulation rate lends to 
increase with each heat period for the first 
three heat periods after the gilt reaches 
puberty This increase provides the basis 
for the general recommendation that gilts 
should not be bred during the first two 
heat periods 

Sows usually come into heat three to 
four days after weaning pigs at the usual 
weaning age of six to eight weeks The hog 
producer therefore can exercise a consider 
able amount of control over the length of 
llie next farrowing season by deciding when 
to wean cadi litter 

Multiple mating of each sow during a 
heat period is often recommended as a 
means of increasing conception rate and 
litter size Craig tftaf (1953) studied the 
effect of single malmg on the first or second 
day of heat and of double malmg on tlie 
first and second day to the same boar on 
rate of scilling of 402 females bred m seven 
seasons They reported a conception rate 
U percentage poinu higher for double 
mating than for single mating (78 vs 64 
per cent respectively) A second service 
12 to 2f hours after the service on die 
first day of heat has been most beneficial 
m breeding seasons when boar feruhiy is 
low 

These same workers also studied the ef 
feet of time of single mating and the effect 
of double mating on liticr size in 197 lit 
ters farrowed in four seasons They re 
ported a nonsignificant overall difference 
of one pig per Inter in favor of breeding 
on the first day over tlic second day of 
heat and differences of 0 G pig and 0 1 pig 
m favor of double mating over mating on 
the second and first day of heat, rcspcc 
lively More researcli is needed, but these 
results cast some doubt upon the sound 


ness of usual recommendations tliat sows 
be bred on the second rather than the first 
day of heat when ‘ boar power ' is limited 

Breeding Season Tips 

These things done before the breeding 
season starts will help to increase the pos 
sibility of getting good results 

1 Blood testing both boars and females 
for brucellosis and leptospirosis 

2 Removal of the tusks from the boar 

3 Increasing the daily feed of the boar 
so that a gam in weight will result 

4 Mating the boar to a few extra sows 
or gilts The first service after a period of 
inactivity is often an infertile one Eacli 
young boar pig should be hand mated to 
a sow before turning him out witli the sow 
herd for pen or pasture mating 

5 Increasing the feed for sows a week 
or so before the breeding season starts and 
continued feeding at the higher rate to 
die end of die period Self at al (1955) 
showed tire value of "ilusliing” gilts during 
die breeding season These workers re 
ported that the greatest number of normal 
embryos m gilts slaughtered at the 25Ui 
day of gestation resulted from a sequence 
of hand feeding at two Uiirds the full fed 
rate from about 70 days of age to puberty, 
full feeding until bred during the second 
heat period, and dien hand feeding at wo 
diirds die full fed rate during die first 25 
days of gestation 

6 Providing the boar with adequate 
shelter and if possible a dirt or pasture cx 
erase lot Ordinarily it is belter not to 
pen boars next to die sow lot The excite 
ment caused by being near sows in heat 
may cause boars to 'rant and go out of 
condition On the other hand, it might 
help to pen a sluggish boar near the sow 
licrd 

7 Boars of the same age or of different 
ages can be penned together if they art 
observed and supervised carefully uniil 
dicy establish a soaal order Boars 
placed together during hot readier must 
be watdied carefully 

8 Varying feeding lo fit conditions 
Usually die ration fed to bred gilts will be 
satisfactory for die boar Between breeding 
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seasons it is advisable to keep the mature 
boar on good legume pasture and feed at 
the rate of one to one and one fourth 
pounds of feed daily per hundred pounds 
of live weight 

These tips apply when hand mating is 
practiced 

1 The boar may be trained to use a 
breeding crate during his first breeding 
season 

2 He should be fed after the service 
rather than before Most herdsmen prefer 
to hand feed m a trough and to wet the 
feed with water or a milk product Wheat 
bran and rolled oats are often included in 
the boar ration 

3 Patience and avoidance of any action 
that will cause the boar to be wary are im 
portant 

4 Sows and gilts should be bred during 
die first day of heat If enough boars are 
available, each sow should be bred again 
24 hours later 

5 A record of each mating should be 
kept so tliat a farrowing date can be 
scheduled for each female 

6 The boar should be observed care 
fully for signs of disease or loss of appetite, 
and appropriate action taken if either oc 
curs 

management during gestation 

Desired Gam 

An average daily gam of about three 
fourths pound by bred sows or gilts will 
provide adequately for the growth of the 
S*lt and development of the fetuses and 
also provide a body reserve for a lactation 
period of one to six weeks If sows or gdts 
thm when bred and must nurse Iitten 
beyond six weeks or be on a limited feed 
program during lactation, a gam of 

least one pound a day during gesiauon 

recommended 

Terrill et al (1955) compared the gcs 
nation performance of 65 bred sous and 
gdts fed three levels of a well fortified 

corn soybean oil meal rauon Tlirce, 4^ 
=‘"‘1 6 0 lb of ration uere fed daily to bred 
gdts and bred sows on scanty r)e pasture 
during the winter The sous barely mam 
duned iheir body weight uhen fed 3 ‘d 


of feed daily whereas the gilts gained one 
tliird pound a day on the same feed in 
take Feeding 4 5 lb of feed per head daily 
to gilts or sows produced the desired daily 
gam of about i/i lb during the last 90 da)s 
of gestation, and the farrowing perform 
ance was satisfactory 

Self-Feeding Versus Hand Feeding 
Bred gilts and sows may be either self 
fed or hand fed Self feeding requires less 
labor, but a bulky, fibrous ration must be 
fed in order to keep the energy intake low 
enough to prevent the bred females from 
getting too fat More feed is usually wasted 
with the self feeding method, and tlie pro 
portion of bulky feeds m the ration must 
be clianged if the sous are not gaming as 

desired . , r j i 

Hand feeding usually takes less feed, and 
tlie entire group of bred females can easily 
be observed at feeding time Feeding die 
entire daily allowance at one time each 
day seems to be just as sausfaciory as 
twice a day feeding 

Culling Feed Cosis for Bred Sows and 
Gills 

(0 

Tes^ch a'l nimois, Indiana. Iona, and 
M,r'olahass,Knv*al.__n^-PX^ 

P'T/HpabrS' d>= 

during gestanon Gilts and sons 

“ ylflromsi^lSIb ol silage per head 

daily rr,»mll et al, 1953) 

An Illinois ol 700 11) 

shoned dial a ra of ground )cl 

of pound com cobs adalfa inca\ and 500 
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sous lost ueight at the rate o£ 14 lb a day 
when restricted to excellent ladino clover 
pasture and minerals during tlie last 70 
days of gestation Ne\ertheless, they far 
roued large litters of apparently normal 
pigs a\ eraging 2 7 lb at birth Feeding 2*/^ 
lb of corn per head daily m addition to 
minerals to bred gilts on ladino clover pas 
ture produced gains of lb per head 
daily 

SAVING BABY PIGS 

Raising more pigs to market age is the 
quickest way to increase profits m the hog 
business The following management tips 
should help to get more pigs to market 
The sow should be fed gestation lattons 
that contain enough protein, minerals 
vitamins, and otlier nutrients which ex 
periments have shown are needed to pro 
ducc sound pigs These rations are to be 
started before mating and fed during the 
gestation period 

A bully, somewhat laxative ration 
may be fed the week before and the 
ueek after farrouing, but a concentrated 
non bulky rauon can be self fed success 
fully during tins period when sows are 
turned out of farrowing stalls for a period 
of only I to I 14 hours twice daily for feed 
ing 

Farrowing stalls are used to save space, 
reduce the activity of the sow, and prevent 
her from crushing the pigs Farrowing 
stalls arc recommended over farrowing 
pens with guard rails Appropriate equip 
ment for feeding and watering can be pro 
vided m die front of each stall, or tlie sow 
can be turned out twice a day to a pen 
or feeding platform to eat from a self 
feeder and drink from an automatic 
waiercr The latter procedure reduces tlie 
amount of labor required to clean manure 
out of the farrowing stall area and also 
gives the sow exercise Farrowing stalls re 
ducc the need to attend sows at farrowing 
Many hog producers vUio formerly acted 
as "midwivcs ’ at farrowing time now place 
sows in farrowing stalls to farrow unat 
tended except for routine cliecks or as 
sistancc when it 1 $ needed. 

The following rauon or one similar to 


It can be used to self feed sows the week 
before and after farrowing 


Feed 

Pounds 

Ground yellow corn 

600 

Ground oats 


Wheat bran 

600 

Sow supplement (35% protein) 


Total 

2000 


If a farrowing pen is used, it should have 
a clear floor area 6 by 6 or 6 by 7 feet 
Large sows will need more space It is wise 
to equip the pen with guard rails that pro 
ject about 8 inches above the floor and 8 
inches from the wall at the sides and back 
If possible, heat should be supplied for 
baby pigs A heat pad, heat lamp, or heated 
floor area protected from the sow will be 
sausfactory If heat is not supplied, a pig 
hover will conserve die body heat of die 
pigs, help to protect against drafts, and 
give some protection from the sow 
As soon as pigs are born, the navel stub 
should be daubed with tincture of iodine 
Needle teeth need not be clipped unless the 
pigs fight excessively If die teedi are 
clipped, care must be exercised to avoid 
injury to the gums Chilled or weak pigs 
may be fed one or two teaspoons of corn 
sirup diluted with two parts of water every 
two or three hours These pigs need sup 
plementary heat. If die sow is slow m 
coming to milk, the weak pigs may be given 
artificial milk Extra pigs or orphan litters 
can be raised on artificial milk if good 
management and sanitary methods are 
used Litters can be evened by transferring 
pigs from large litters to small ones Pigs 
should be ear notclied to help identify 
gilts from die most productive litters 
Nutritional anemia m pigs kept on con 
Crete or wooden floors can be prevented 
by an iron dextran injection at birdi or 
by sprinkling a solution of 1 lb of ferrous 
sulfate in 3 quarts of water on a cliunk of 
uncontaminatcd sod and keeping it in die 
pen where die pigs can root at it. This 
treatment should be started before die 
pigs are one week old 
Anodicr effective way of preventing nu 
triiional anemia is to give each pig an iron 
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pill or a "squirt” of iron sulfate soluuon 
once or twice a week for three iveeks or a 
little longer 

A pig starter ration should be fed to 
suckling pigs from tlie time they will eat 
until the pigs weigh 20 pounds, and then 
a good complete mixed ration should be 
fed until they weigh at least 40 lb 
A number of systems are used in raising 
pigs to 40 lb iveight Hog producers who 
leave the pigs on the sow until tliey are 5 
to 8 weeks of age usually feed a pig starter 
ration Some use a highly palatable suck 
ling pig prestarter (usually containing 20 
to 22 per cent protein and appreciable 
amounts of sugar or molasses) to get the 
pigs eating well and then switch to a regu 
lar pig starter (usually 18 to 20 per cent 
protein) Others use a regular pig starter 
throughout the suckling period 
Producers who wean pigs as early as two 
to three weeks of age (6-10 lb) usually 
feed a well fortified early weaning pre 
starter (about 24 per cent protein) for at 
least one week before switcliing to a starter 
ration containing about 18 per cent pro 
tein 

■Soar pigs should be castrated at one 
week of age They are easily handled and 
suffer very little setback at this time 
Pigs should be vaccinated for cholera 
when they are four to six weeks of age If 
a killed vaccine is used, the pigs should be 
10 weeks old Attenuated live virus vaccines 
ran be used before weaning 
Sows and pigs can be sprayed wxtli lin 
dane or benzene hexachlonde solution to 
^ntrol lice and mange A soluuon of 025 
per cent of the gamma isomer of benzene 
exachloride is very effective 
The pigs should be weaned by the time 
diey are eight weeks old Those that are 
rifty, eat well, and weigh 20 lb can 
weaned at five weeks With careful 
•Management and an excellent early wean 
jMg prestarter ration, pigs weighing 6 10 
ran be weaned as early as 3 weeks o 
age ^ 

'^nagement of early-weaned pigs 

Some of the possible advantages of early 

weaning, along with certain limiwtions the 


hog producer should consider are as fol 
lows 

1 Early weaning can cut labor needs by 
reduang the handling of feed bedding 
and manure below that needed for sows 
nursing litters 

2 It can save space because more pigs 
can be cared for in the same space when 
sows are removed 

3 It will save sow’s feed because hea\> 
milking sows eat lots of feed- 12 to 18 
pounds a day If. however, the prestarter 
ration is quite expensive, this extra cost 
may offset part or all of this advantage 

4 It may permit sows to be rcbrcd or 
sold sooner after farrowing, although most 
sows cannot be successfully rebred for 30 
or more days after farrowing 

5 It may help to reduce loss in weight 
of the sow 

The bie disadvantage o£ an early nean 
ms program is that tire atcrage hog pro 

du«?dSsnotreahzethes>..llandeareruI 

management that are essential for its sue 
cess The younger and smaller tlie pig at 
weaning die ^eater the attention tliat 

r?ordy;t:thre1or£onrwccuo,ght 


Hided tor ‘"iTprcvenl drafts 

tohdwall ^ns ' “ ' ^ pj^ according to 
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bmed use o£ farrowing stalls with early 
weaning will keep death losses low, save 
space, and save labor 

WEANING-TO-MARKET MANAGEMENT 
For economical production, die crowd 
ing of hogs or the wasting of space must 
be avoided The shade, shelter, and equip 
ment needs for a particular herd can be 
determined by consulting Table 52 3 
If the pigs are confined from weaning 
to market and self fed, 10 square feet of 
feeding floor space (m addition to sleep 
mg space) should be allowed each pig 
Eadi pig will need 15 square feet of feed 
mg floor space if fed from troughs 
One automatic watering cup should be 
provided for every 20 pigs (an automatic 
waterer with two openings is considered 
as 2 cups) The waterer should hold at 
least 25 gallons m summer and 15 gallons 
m winter for every 10 pigs 
During hot weather, sanitary hog wal 
lows may be provided Up to 50 pigs can 
be accommodated in 100 square feet of 
wallow Hog wallows can be placed m the 


TABLE 52 3 

SrACB Needs of Gftow1^o Finuhino Swinb 


Item 

\Vcamng 

to 

75 lb 

76-125 

lb 

126 lb 

to 

Market 

Sue 

Sleeping space or 
shelicr per pig, 
sq ft. 
summer 

7 



>vin(cr 

6 

8 

10 

Pigs tw linear foot of 
self feeder space 
(or per hole) 
on dry lot 

4 

3 


on posture 

4-5 

3-4 

5-4 

I’cr cent of feeder 
space for protun 
supplement 
on dry lot 

25 

20 

15 

on pasture 

20-25 

15-20 

to 15 

For hand feeding or 
hand uatenng 
running feet of 
trouEih per pig 
(fed from one or 
botli sida) 


1 



sun, but they must be near shade or shelter 
and near the self feeders 

Pigs varying widely m weight should 
not be permitted to run together Ordi 
narily the range m weight should be no 
more than 20 per cent above or below the 
average 

Wormy pigs should be treated as mdi 
cated in Chapter 29 

Pasture Versus Dry Lot 

Interest in raising hogs on concrete dry 
lot is increasing, and it will probably con 
tinue to increase, particularly among pro 
ducers who wish to specialize m hogs and 
who use modern buildings and labor sav 
mg equipment efficiently the year round 
The concrete dry lot feeding program is 
particularly adapted to an owner operator 
who has above average management skill 
and modern buildings and equipment that 
can be used the year round to the maxi 
mum degree consistent with good disease 
control and sanitation 

On diversified farms with legumes as an 
integral part of the crop rotation, hog 
producers will continue programs that 
take advantage of the sanitation and labor 
saving benefits of a pasture program 

The feed saving benefit of pasture lies 
mainly in protein supplement, not in 
gram An acre of pasture may save about 
1,500 pounds of supplement for growing 
pigs However, an acre of highly productive 
land may yield a greater return in growing 
high profit crops dian in use as a hog pas 
lure 

Pasture feeding is particularly recom 
mended for the tenant or tlie small to 
medium sized operator who wants to have 
only a small investment tied up in build 
mgs and equipmenL 

Complete Rations Versus Corn and 
Supplement Free Choice 

Results of most experiments show tliat 
pork can be produced at less cost with free- 
choice feeding than with complete nlion 
feeding However, especially on pasture, 
small pigs on a complete ration make faster 
gams For best guns of pigs on pasture, it 
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IS advisable to feed a complete rauon up 
to 70 pounds m weight before shifting to 
a free choice feeding program 

MARKETING 

The price of hogs is determined by the 
supply of hogs and pork products and the 
demand of consumers for pork products 
Local marketing conditions as well as the 
over all economic trend in price levels 
modify the market price of hogs 

Monthly trends in hog prices and hog 
marketings from 1947-53 are shown in 
Table 52 4 Receipts of market barrows 
and gilts are low in July and August, in 
crease through December, drop off m 
February, increase somewhat in March as 
fall farrowed pigs are sold, and then de 
crease steadily to another low the next 
July and August 

Prices for market barrows and gilts show 
an inverse relationship to marketings 
Highest average prices occur in July and 
August when marketings are lowest Prices 
decrease through December and remain 
fairly steady from January to April Fluctu 
ations from this general trend occur, par 
ticularly in certain years, but, in general, 
dte monthly trends in hog prices can be 

TABLE 52 4 

M5EX OP Month to Month Marketings op Hogs 
AND Prices Received by Farmers in the 
United States (1947-53)* 


Month 

Barrows and 
Gilts 

w 

^lar 

Prices 

Mar- 

ketings 

Pnees 

91 

98 

1 96 

95 

100 

101 

106 

110 

113 

107 

96 

87 

January 

february 

Ntarch 

April 

May 

June 

July 

August 

September 

October 

Nvember 

“ccember 

137 

104 

108 

97 

92 

80 

64 

58 

74 

106 

131 

149 

94 

1 96 

i 95 

93 

98 

103 

113 

113 

110 

102 

92 

91 

72 

52 

52 

52 

74 

148 

200 

ISO 

110 

84 

86 

90 


S Agncultural Markeung Service Rc* 


summarized as a cycle with two peaks and 
two vallejs, because patterns in suppiv 
correspond to farrowing schedules fol 
lowed by hog producers in the hog raising 
regions, i c the production of spring pigs 
and fall pigs followed by marketing six to 
eight months after farrowing 
Prices of sows are influenced by the sup- 
ply of market barrows and gilts and their 
price Sow marketings are highest m the 
montlis of June, July, and August Market 
prices for sows are highest m August and 
September, when receipts of market bar 
rows and gilts are low and when barro\v 
and gilt prices are high In general, to keep 
down feed costs sows should be sold as 
soon after tliey wean their last litter as is 
feasible But an attempt should be made to 
sell sows in August or September if omcr 
factors permit some choice m sow market 
xng dates 


^ARROWING SCHEDUIES 
3ne litter a Year 
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ofmailet hop and breeds ll.cm to 
rop ot marKci. - jj, jj^cas 

Jow a. about on= >ear of =^e^ 1" 

there the J'and if equipment 

?™^td'£^rrowing is often dclajed until 

i luuited tarros g 

ite spring or e y 

ucers ustng ^‘™,p.„rnt titan for 
hey can use ^ P can nsnall) 

arly spring farrum g 
Jicdule farrowing » 

et^.esun,iiicra„d 

reater use of pasiui j 

'■o“''“'"rTntdieng'itsiten,go 

reduce pip of ato ci,/fall monllis. 
ehsnd feeder ““''J , 'ncli.,cra,ear 

;5SS:r:sS'“ 



686 Section Vlll NUTRITION, FEEDS, AND MANAGEMENT 


bmed use of farrowing stalls with early 
weaning will keep death losses low, save 
space, and save labor 

WEANING-TO-MARKET MANAGEMENT 
For economical production, the crowd 
ing of hogs or the wasting of space roust 
be avoided The shade, shelter, and equip 
ment needs for a particular herd can be 
determined by consulting Table 52 3 
If the pigs are confined from weaning 
to market and self fed, 10 square feet of 
feeding floor space (m addition to sleep 
ing space) should be allowed eacli pig 
Each pig will need 15 square feet of feed 
ing floor space if fed from troughs 

One automatic watering cup should be 
provided for every 20 pigs (an automatic 
waterer witli two openings is considered 
as 2 cups) The waterer should hold at 
least 25 gallons m summer and 15 gallons 
m winter for every 10 pigs 
During hot weatlier, sanitary hog wal 
lows may be provided Up to 50 pigs can 
be accommodated in 100 square feet of 
wallow Hog wallows can be placed m the 


TABLE 52 3 

SpAca Needs of Growing Finisionc Swinb 


Item 

Wcanmg 

to 

75 lb 

76-125 

lb 

126 lb 
to 

Market 

Size 

Sleeping space or 
shclier per pig, 
sq ft. 
summer 
winter 

7 

6 

9 

8 

12 

10 

Pjgi per linear foot of 
self feeder space 
(or per hole) 
on dry lot 
on posture 

4 

4-5 

3 

3-4 

3 

3-t 

Per cent of feeder 
space for protein 
supplement 
on dry lot 
on pasture 

25 

20-23 

20 

15-20 

15 

10-15 

For hand feeding or 
hand watering 
running feet of 
trough per pig 
(fed from one or 
both sides) 

3i 

1 



sun, but they must be near shade or shelter 
and near the self feeders 

Pigs varying widely in weight should 
not be permitted to run together Ordi 
narily the range m weight should be no 
more than 20 per cent above or below the 
average 

Wormy pigs should be treated as indi 
cated in Chapter 29 

Pasture Versus Dry Lot 

Interest in raising hogs on concrete dry 
lot IS increasing, and it will probably con 
tinue to increase, particularly among pro 
ducers who wish to specialize m hogs and 
who use modern buildings and labor sav 
mg equipment efficiently the year round 
The concrete dry lot feeding program is 
particularly adapted to an owner operator 
who has above average management skill 
and modern buildings and equipment that 
can be used the year round to the maxi 
mum degree consistent with good disease 
control and sanitation 

On diversified farms with legumes as an 
integral part of the crop rotation, hog 
producers will continue programs tliat 
take advantage of the sanitation and labor 
saving benefits of a pasture program 

The feed saving benefit of pasture lies 
mainly in protein supplement, not in 
grain An acre of pasture may save about 
1,500 pounds of supplement for growing 
pigs However, an acre of highly productive 
land may yield a greater return m growing 
high profit crops than in use as a hog pas- 
ture 

Pasture feeding is particularly rccom 
mended for the tenant or die small to 
medium sized operator who wants to have 
only a small investment tied up in build 
mgs and equipment 

Complete Rations Vorsus Corn and 
Supplement Free Choice 

Results of most experiments show that 
pork can be produced at less cost wiili free- 
dioicc feeding than wiili complete ntion 
feeding However, especially on pasture, 
small pigs on i complete ration make faster 
gams For best gains of pigs on pasture, ii 
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IS advisable to feed a complete ration up 
to 70 pounds m weight before shifting to 
a free choice feeding program 

MARKETING 

The price of hogs is determined by the 
supply of hogs and pork products and the 
demand of consumers for pork products 
Local marketing conditions as well as the 
over all economic trend in price levels 
modify the market price of hogs 

Monthly trends in hog prices and hog 
marketings from 1947-53 are shown in 
Table 52 4 Receipts of market barrotvs 
and gilts are low in July and August m 
crease through December, drop off m 
February, increase somewhat in March as 
fall farrowed pigs are sold, and then de 
crease steadily to another low the next 
July and August 

Prices for market barrows and gilts show 
an inverse relationship to marketings 
Highest average prices occur in July and 
August when marketings are lowest Prices 
decrease through December and remain 
fairly steady from January to April Fluctu 
ations from this general trend occur, par 
ticularly in certain years, but, in general, 
the monthly trends in hog prices can be 

TABLE 52 4 

Index op Month to Month Marketings op Hoes 
AND Prices Received bv Farjiem in the 
United States (1947-53) 



summarized as a cycle, with two peaks and 
two valleys, because patterns m supply 
correspond to farrowing schedules fol 
lowed by hog producers in the hog raising 
regions, le, die production of spring pigs 
and fall pigs followed by marketing six to 
eight months after farrowing 
Prices of sows are influenced by the sup 
ply of market barrows and gilts and their 
price Sow marketings are highest in the 
months of June, July, and August Afarket 
prices for sows are highest in August and 
September, when receipts of market bar 
rows and gilts are low and when barrow 
and gilt prices are high In general to keep 
down feed costs, sows should be sold as 
soon after they wean their last litter as is 
feasible But an attempt should be made to 
sell sows m August or September if other 
factors permit some choice in sow market 
mg dates 

FARROWING SCHEDULES 
One LiHer a Year 


Hog producers on the one litter a year 
system usually plan dieir hog operations to 
flt in best ii'ith the equipment, labor, pas 
mre, and feed supplies available during 
die year This s>stcm is used most in die 
nordiern and western area of die corn belt. 
The hog producer sells the sous after they 
have weaned their pigs To complete the 


cycle, he saves back herd gilu from the 
crop of market hogs and breeds diem to 
farroiv at about one )car of age In areas 
wlierc die winters are quite cold, mud is 
a problem m die spring, and if equipment 
1 $ limited, farrowing is often delayed until 
late spring or early summer Hog pro- 
ducers using diis system like it because 
iliey can use dicapcr equipment Uian for 
early spring farrowing and can usually 
sdiedule farrowing for die period uJicn 
Headier is less severe Also, Uicy can make 
rreatcr use of pasture in die summer and 
tiie new corn crop in die fall and can 
„roaucc p.g> of ll.c r.ghi .uc to g„ 

. fc, producers tolloi. a onolulcr a jear 
ssKin but sclicdulc farroutng to talc 
?„™g.bc late summer or catJ, rail 
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Two Litters a Year 

Raising two litters a year rather than 
one permits greater use of equipment, 
labor, and capital throughout the year As 
hog production increased m the corn belt, 
hog producers bred gilts or sows to farrow 
in die early spring or fall and dien, after 
they had weaned these litters, rebred them 
for a second pig crop six mondis later 
They used the same equipment for each 
pig crop and attempted to get as many 
pigs as possible on the market before the 
next crop arrived 

When keen observers noted that hog 
prices usually broke when the big runs of 
spring or fall pigs hit the market, more 
hog producers began to farrow earlier in 
spring and fall Many hog producers who 
had farrowed pigs in March and Septem 
ber gradually changed to farrowing m 
February and August, and some attempted 
to beat the price break by farrowing m 
January and July The result was a shift 
in the price cycle to the left, i e , the peaks 
and valleys of prices occurred earlier m 
the year than formerly But earlier far 
rowing in most instances required better 
buildings and equipment and a source of 
heat for baby pigs, and thus production 
costs were increased to some extent 

Three Litters a Year 

Some producers farrow three times a 
year, using a combination of the one and 
two litter a year systems One herd is ban 
died on tlie two litter a year basis, and the 
same equipment is used for both spring 
and fall litters Another herd is handled 
on the one litter a year basis The farrow 
mg IS sdieduled for late spring or early 
summer (May or June) with simple, low 
cost equipment, minimum labor needs, and 
maximum use of pasture The early sum 
mer pigs are often limited fed to some ex 
tent and marketed when prices strengthen 
after the first of die year With this system 
a careful manager can increase hog re 
turns over the tuo-litter a year program 


Four or More Litters a Year 

As the hog industry moves toward 
greater specialization, an increasing num 
ber of producers use multiple farrowing 
to make more efficient use of equipment 
and to spread marketings tliroughout the 
year This plan places less emphasis on 
trying to hit the high market price and 
more emphasis on cutting costs of produc 
tion With increased multiple farrowing, 
the present cyclic marketing and price pat 
tern can be evened out to some extent, but 
It requires excellent management, sanila 
lion, and disease control, plus a fairly even 
supply of labor the year round 

Most multiple farrowing programs are 
multiples of two litter a year herds, al 
though some are multiples of one litter a 
year herds The latter plan provides an 
income tax advantage because a higher 
percentage of sales each year would come 
from breeding animals than when other 
than a one litter a year system is used Thus 
the maximum income could be reported 
as capital gam and die minimum as ordi 
nary income 

An example of a four litter a year pro 
gram would be m maintaining two herds, 
each on a two litter a year basis For ex 
ample, in one herd the females would be 
bred to farrow in February and rebred to 
farrow m August of eacli year, whereas in 
the second herd the females would be bred 
to farrow in May and rebred to farrow in 
November The four farrowing seasons 
would be equally spaced throughout the 
year A producer could use one modern 
farrowing unit for each farrowing and still 
have time for a cleanup and ' sanitation 
break ’ between farrowings He could use 
one set of growing finishing facilities twice 
a year for each herd if he provided an 
ample margin of safety in die form of 
extra space to handle the slow growing 
pigs 

An example of a six litter a year program 
would be three herds, each on a two litter 
a year basis For example, m one herd the 
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females ^vould be bred to farrow in Feb 
niary and rebred to farrow in August In 
the second herd farrowing tvould ocair in 
April and October, and m the third herd 
farrowings would be planned for June and 
December Here again the farrowings 
uould be equally spaced throughout the 
>ear to permit maximum use of farrowing 
facilities Only the very best manageis 
should, however, attempt to carry out a 
SIX litter a year program Others should 
first gam experience on a less specialired 
program 

In planning a'hog management schedule 
and equipment, needs, the folloisring five 
units should be considered 

1 Bred sow unit — where pregnant fe 
males can stay from breeding season to 
farrowing time 

2 Farrowing unit — where farrowing takes 
place 

3 Pig nursery unit — where the pigs are 
raised until they reach six to eight 
weeks of age 

4 Growing unit — where the pigs are 
raised &om six to eight weel^ of age 
until tliey reach about ICO Ib in 
weight 

5 Finishing unit — where the pigs arc 
finished from 100 lb to market weight 

The bred sow unit may be either mov 
able equipment located on pasture as 
mucli of the )car as possible or centrally 
located dry lot facilities Management prac 
uces during the gestation phase may m 
volve a low cost feeding program making 
maximum use of pasture or silage and 
hand feeding or self feeding an mexpcii 
sivc bulky ration 

The farrowing unit on a specialized hog 
farm might be a modern farrowing barn 
complete with farrowing stalls, radiant 
heating for baby pigs, and oilier spcaal 
features On a less specialized fana it mighi 
be a pull logcdicr house cquipjicd for far 
rowing, a senes of individual houses con 
ccntraied at a central |>omt or a horse. 
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dairy, or poultry structure converted to 
use at farrowing time 

The pig nursery unit on a highly special 
ized hog farm might be an early ueaning 
barn or wing of a farrowing barn On a 
less specialized farm it might be an open 
shed facing soutli on a concrete strip uiUi 
pens for groups of sous and Juteis 
equipped witli pig brooders and automatic 
feeders and waterers Or it might be mov 
able houses for sous and litters located on 
pasture Often die farrowing unit and the 
nursery unit are combined i e a farrow 
mg barn or movable houses on pasture 
may serve for the enure period from far 
rowing to weaning Tlie growing and 
finishing units are commonly combined 
and the same equipment is used from 
weaning to market time 

MANAGEMENT PROGRAMS TO 
MAXIMIZE HOG RETURNS 

Hog returns can be maximized by (1) 
increasing selling price, (2) lowering pro- 
duction costs, or (3) diangmg to a special 
jzed program Uiat is uniquely fitted to the 
operator and ius farm 

Increasing the Selhnfl Price 

Tarrowtng should be scheduled and a 
feeding program planned so as to fnziC 
hogs ready to hit the market peals, unless 
in so doing Uic inacasc m production 
costs offsets die advantage gamed b) timely 
marketing 

The selling price of hogs can be in 
creased by producing a higher quality hog 
and receiving recognition {price odi in 
tage) for the improved product Crcaicsi 
progress can probably be made b) making 
improvemenu in breeding, ic. selecting 
nvcait)j>c breeding slock As breeding im 
ptovcmcnis arc made and maintained and 
as greater price diGcrcniuU aic paid on 
the basis of quaht), inicicit m feeding 
hogs for improved carcass quality v»ill in 
crease \\idi this end in view, nmcfi of 
die emphasis m current locarcli is ccnicr 
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mg on the effects of energy intake, protein 
intake, and management practices on car 
cass characteristics 

Selecting a market is important in m 
creasing the selling price of hogs Hog 
markets and market reports should be 
studied On the basis of all available in 
formation, the market that seems most 
likely to yield the highest net return for 
die hogs should be selected 
Selling at the proper market weight also 
offers an opportunity to increase die aver 
age selling price of hogs Each drove should 
be ‘ topped out at frequent intervals as 
the hogs approach a market iveight of 200— 
220 lb Gains bejond diese weights are 
more expensive and carcass grade decreases 
as die fat content of the carcass increases 

Lowering Production Costs 

Production costs can be lowered by mak 
ing improvements m breeding, feeding, 
management, and disease conuol as out 
lined in this and other diapters of Uiis 
book 

Labor costs usuaWy account for I to S 
per cent of the costs of raising hogs It 
takes about 20 man hours of labor to raise 
1 huer, or 1 to li^ manhours per 100 lb 

Labor costs can be cut by putting the 
folloiving ideas into use (Hardin, 1952) 

1 Concentrated farrowtngs Farrowing 
time IS a crucial and time-consuming pe 
nod There is little advantage m spread 
ing It over several weeks Extra sows or 
gilts and plenty of boar power can be 
used to concentrate the farrowing season 
within a short period 

2 Good farrowing facilities It is easier 
to care for sows and litters at farrowing 
lime in multiple or central houses than rn 
individual houses 

3 /lulornatic or semi-automatic water 
supply Pipe lines or large tank wagons 
can be used, and die trip to the field fuied 
in widi other cliorcs 

I Automatic feed handling Feed should 
be handled in bulk, and a system set up 
diat requires a minimum number of moves 


When possible, gravity along with large 
capaaty feeders should be used 

5 Small but important jobs done on 
time It IS easier to castrate a one week old 
pig than one weighing 50 lb Other small 
but important jobs including vaccinating, 
cleaning houses and equipment, spraying 
for external parasites, budding fences, 
moving pigs (or sows) at weaning time, 
and providing shade and shelter should 
not be delayed 

Specialized Programs Uniquely Fitted 
to the Man and His Farm 

If It IS desirable to shift to a specialized 
hog program uniquely fitted to personal 
talents or to the local area, one of the fol 
lowing plans might be considered 

OPERATING A PIG HATCHERY 

Pig hatcheries are considered a desirable 
part of the hog industry because there is 
often a good demand for thrifty weaned 
pigs But the hatchery business has been 
held back by disease difficulties and sup- 
ply, demand, and price problems Hatclier 
les will probably be most successful on 
the fringe of the corn belt, where small 
grams and pasture can supply most of the 
feed and where labor, land, and building 
costs can be kept low These advantages 
give the skilled hog man m this area in 
opportumty to specialize 

PRODUCING BREEDING STOCK FOR SALE 

The potential market for tested growtliy, 
meat type boars is practically unlimited 
In the United States, commercial hog men 
use about 500,000 boars each year in pro 
ducing about 100 million market hogs The 
size of tins enterprise furnishes ample op 
portunity for breeders who wish to produce 
hybrid, inbred, or purebred secdslock for 
sale Oilier breeders may wish to become 
associate producers for purebred, hybrid, 
or inbred seedstock firms 

OUier specialized hog programs might 
include enterprises that arc planned to 
uuluc waste products (garbage, bakery 



Chapter 52 SWINB MANAGEMENT S W TerriJI 691 


goods, poultry offal, milk b) pioducis, 
etc) 

As the swine industry moves toward 
greater specialization, an increase may be 


seen in contract production and feeding of 
hogs, wiUi integrated effort on the part of 
seedstock suppliers, feed companies pacf- 
ing companies and hog producers 
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University of Nebraska 


Control and Elimination 
of Swine Diseases Through 
Depopulation With Disease- 
Free Stock 


There are two fundamental reasons for 
control of disease in domestic animals 
These are (1) to reduce resenoirs of dis 
eases transmissible to man and (2) to 
produce livestock more economically 
When human health is concerned, cost of 
eliminating a disease becomes secondary 
When human healtli is not a factor, sheer 
economics dictates the costs of control of 
a disease among livestock populauons 

Control of hog cholera and suinc er}$i 
pelas has been undertaken because the se 
vere losses which may be incurred among 
swine are costly (see Chapters 7 and 22) 
Evidence of these diseases is tangible Only 
recently has much attention been paid to 
the relatively intangible effects of a number 
of diseases dironic m diaractcr and assoa 
ated with a retarded rate of growili and in 
efficient use of feed Definite evidence of 
inefficiencies due to dironic diseases, such 
as virus pneumonia of pigs, sninc d)scn 
ter), and atrophic rhinitis, has been rc 
ported in tlie past few )cars b) Betts and 
Beveridge (1953), by Betts et al (I9j5b), 
by Young el al (1955b), and b> Shuimn 
and Earl (1956) These authors cmphTSUc 
the adverse economic effects of disease on 
the cost of pork production and the im 
portance of eliminating diseases as herd 
problems 

One of our most clfecuvc demonstrable 
means of control of animal diseases bas 
been isolation and dcsiruciioii of infcctw 
anmnls and tlicir known contneis on the 

f*M 


farms The following basic points outline 
tins approadi (1) quarantine of premises 
where the outbreak occurs (2) disjxjsil 
of infected and exposed animals bv shugh 
ter and burnl or burning, (3) cleaning 
and disinfection of premises and all equip 
mem and (4) testing the infcctivity of the 
premises by restocking vvitli susceptible 
ammals It has been through use of these 
principles that several outbreaks of fool 
andmouUi disease have been containctl 
ind eradicated (Mohicr. 1033) The same 
principles and approadi were used to 
bnng vesicular exantliema under conirol 
following the epizootic which vsas so 
dramatically toudicd off m the summer of 
J952 (Afulhem, 1953) 


ELIMINATION OF SINGLE DISEASES 

Less drastic means of disease control 
based on the same general principles, have 
been used to reduce greatly the incidtnce 
of brucellosis among our swine |>opuIauon| 
(Hoerkm et al , 19al) Contact of discascil 
animals with animal, free of bruccllom 
IS brouglii to a pracucal inmimmn by 
ICSIS for the removal of reactors from 
widiiil a hcriL imcc brucellosis piogics^ 
at a relatively slow rate through tonucts. 
removal of leaclors ■* helpful m chn.iiu 
non of the disease Brutelloiii «u) be 
diimnaicd from good lin« o 
fccturaung the young suxL fr‘ 

>tick and ituinu.n.ig tie >oui ? 

from other swine Vparatioo .>f He 


I 
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\oung from tlieir dams may be delayed 
until die general iveaning age of 6 to 8 
iveeks Spread of brucellosis from the dam 
to die pig during the suckling period is 
hindered by immunity derived by the pig 
from suckling his dam Pigs are separated 
from their dams before this immunity 
isanes to a level where infection spreads 
from adults to the >oung If colostral im 
munity has not been adequate to prevent 
brucellosis in the pigs, subsequent blood 
tests on the pigs may show reactors These 
reactors are culled immediately and tests 
are made 30 and 60 days later on the re 
maining stock Only stock which does not 
react on tuo or more successive tests is con 
sidered free from brucellosis It should be 
retested annually 

Stock free from virus pneumonia of pigs 
(VPP) IS obtained in a manner similar 
to diat used for brucellosis except that 
there is no blood test which can be used 
to detect infected animals Elimination of 
VPP IS dependent upon the dam's not 
being a disease spreader during the contact 
period with her pigs Spread is limited 
from litter to litter by use of isolated A 
houses m pasture during the farrowing 
and suckling of die pigs Litters of pigs 
in whicli there has been no coughing or 
odier signs of VPP by 8 weeks are weaned 
and kept isolated from other stocks Rep 
rescntative barrows from each litter may 
be sacrificed and exanuned for presence 
of possible VPP lesions (see Chapter 5 for 
descripuons of typical VPP symptoms and 
lesions) Litters passing these tests as free 
of VPP may be combined to constitute a 
new breeding herd (Barber et al , 1955, 
Beits et al , 1955a, Betu el al , 1955b) 

The successful elimination of atrophic 
rhinitis (abbreviated as AR) by use of 
similar principles has also been reported 
(Shuman and Earl, 1956) Pigs ^\ere 
caught at birth on sterile canvas towels 
and vvere immediately lemovcd to a new 
and clean environment There they were 
raised on ariifiaal diets away from other 
swine By minimizing contact of die pigs 
widi the sow or her environmeni, pigs were 


prevented from contracting AR altliough 
tlieir dams were from an infected herd 
with evidence of many earner gilts and 
sows The immediate removal of the new 
bom pig from its dam’s environment is 
essential for elimination of AR Colostral 
immunity to AR is not adequate to pre 
vent spread of AR from the dam to the 
pigs in her litter during the suckling 
period Thus it is more difficult to ehmi 
nate AR from a herd than brucellosis AR 
may not be as easily detected at 6 to 8 
weeks as VPP The sacrifice of barrows for 
careful examination of die nasal turbinates 
would not assure absence of AR 

The differences in die mediods described 
above are in the manner m whicli clean 
stocks are obtained The manner and its 
complexity are dependent upon die cliar 
acteristics of the disease The single ob 
jective, once the slock is free of die disease 
for which elimination was designed, is to 
keep the stock clean The disadvantages 
of these methods are (1) their tediousness 
and (2) the fact that m each instance the 
objective is to eliminate a single disease 

MULTIPLE ELIMINATION OF DISEASE 

Effective means of obtaining pigs at birth 
whidi are free from disease have been de 
veloped whicli overcome die dilemma 
presented by methods which eliminate one 
disease at a time Disease free pigs are 
obtained from their dam 2 to 4 days pre 
maturely by hysterectomy (Young et al , 
1955b) , by cesarotomy (Whitehair and 
Thompson, 1956) , or by hysterotomy 
(Hoerlein et al, 1956) Pigs may also be 
caught at natural birth m sterile canvas 
bags (Young and Undcrdahl, 1951, 1953), 
III sterile basins (Done, 1955) , or on sterile 
canvas towels (Shuman et al, 1956) The 
procedures by which pigs are freed widi 
out iransversing the birth canal are prefer 
able Chance of the pigs becoming m 
fected while passing through the birdi 
canal or from feces or flatus is eliminated 
FJystereclomy means removal of the 
womb In die technique to be described, 
die gravid uterus is used as an encasement 
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for transport of tlie disease free unborn 
pigs into a clean environment so they may 
be born without exposure to swmc dis 
eases Figure 53 1 diagrammatically pre 
sents features of this method as a disease 
eradication and control principle 
The dam from whidi pigs are to be re 
moved by hysterectomy is hoisted by both 
hind legs She is lowered head first into a 
55 gallon open top steel drum filled with 


carbon dioxide gas dispersed from crushed 
dry ice The dam is alloued to inlialc 
carbon dioxide for one niimitc nnd an 
abdommal incision is made immediaiel)' 
It is made through the abdomunl uill on 
the midlme into the peritoneal cavitv just 
aphniad to a point opposite the posterior 
most teats The incision is extended 12 to 
15 indies ceplnlid uhile forcing die gravid 
uterus and other viscera rside The open 
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tor, by reaching into the cavity, lilts the 
horns of the gravid uterus up to and out 
of tlie masion The uterus is cut free by 
excising through the cervix and is passed 
quickly through an antiseptic lock into a 
hooded uork table where the pigs are 
liberated 

The pigs are tom from the uterus as 
soon as it enters the hood This is done by 
placing both hands over the pig grasping 
the uterus firmly and tearing it by ro 
tating tlie wrists and forearms outward 
The operator checks tlie nostrils and 
mouth of eacli pig wiping off mucus and 
membranes with a dry towel whenever 
necessary Their navels which were 
clamped temporarily with a crocodile 
damp are ligated near tlie body with 
light cotton cord 

The cosered work table or hood, within 
whidi the pigs are removed from the 
uterus IS illustrated schematically in ?ig 
ure 53 1 The table is kept under slight 
positite air pressure by die constant in 
iroduction of warm filtered air The work 
mg temperature of the hood 100-110®F, 
IS maintained by passing die incoming air 
over a kitdien stote heating element The 
liquid lock serves to introduce the gravid 
uterus into die hood widiout creating air 
currents wlndi might introduce infectious 
agents An improied model of this kind 
of hood has been described b) Underdahl 
and \oung (1957) 

Tlie filter medium consists of a rec 
tangularG X 12 inch No 50-FGspun glass 
wool filterdoun pad (American Air Filter 
Compau), Louisiillc, Ky) It removes pos 
sible infectious materials from die air in 
trodiiccd into die hood The interior is 
sterilized before each day of use wiUi 
formaldelqde gas produced by mixing 
potassium permanganate and formalin 

The pigs arc transported in sterile cany 
ing boxes to the isolauon units housed m 
clem, previously gassed rooms (formaldc 
h)dc gas from 1 oz potassium pemianga 
natc and one pint of formalin for each 
1,000-1,500 cu ft) Attendants wear sterile 
coveralls and face masks The transfer is 
made quickl) to mininuze respiratory cx 


posure Attendants routinely dampen their 
hands with a mild antiseptic solution when 
handling the pigs The rooms and isolation 
units are kept at 95-100° F for the first 
few days and then may be lowered to 85° F 
Even casual diseases of young pigs which 
have been nursed by their dam may prove 
serious or fatal to colostrum deprived new 
born pigs Since pigs which are not nursed 
by their dams are devoid of antibody, in 
gestion of colostrum and absorption of 
antibodies from it is ordinarily essential 
to the survival of the newborn pig (Nelson 
1932 1934 Young and Underdahl, 1950) 
Survival of newborn pigs which have been 
deprived of colostrum, regardless of how 
obtained is based upon successful isolation 
of the pigs from time of release from then 
sterile uterine environment until several 
weeks old Disease control depends upon 
continued isolation from so called nor 
inal swme 

The first diet for successful rearing of 
colostrum deprived pigs was described b> 
Young and Underdahl (1951) It consisted 
simply of pasieunzed homogenized vitamin 
D milk, egg yolk, vitamin A, and a mixture 
of inorganic salts Satisfactory results have 
also been reported by Haelterman (1956) 
using a similar diet, and by Baunedel 
et al (1954), and Whitehair and Thomp 
son (1956) using semi synthetic diets 

Excellent livability and performance 
equal to that manifested by pigs suckling 
iheir dam can be obtained with colostrum 
deprived pigs A simple milk egg mineral 
diet IS used as die starting diet A whole 
egg iS mixed into one quart of homoge 
mzed pasteurized vitamin D fortified (400 
units per qt ) milk m an electric blender 
Five ml of a mineral mixture (19 8 gm 
FeSOj 7 H 3 O, 3 9 gm CuSO* SHjO, 3 6 
gm MnCla 4 H 2 O, and 0 26 gm KI in 1 
liter of water) are added per quart of 
milk Vitamin K is supplied by addition 
of 1 ml of an aqueous solution of Klotogcn 
F* (I gm m 210 ml disulled water, diis 
gives a final concentration of 1 mg of vita 
min K. per qL) This mixture is brought 


• \bbou Laboraiortci 
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to boiling, then cooled to approximately 
100° F for feeding the first day Thereafter 
the modified milk is fed without bringing 
it to a boil Vitamin K. is no longer added 
Pigs are fed morning, noon, and night 
from shallow flat bottomed pans 
Choice of the type of isolation in which 
colostrum deprived pigs will be reared de 
pends upon several factors Most important 
is the chance of exposure to other pigs 
Baunedel et al (1954) and Whitehair and 
Thompson (1956) used relatively crude 
isolation procedures to raise successfully a 
relatively small number of pigs Similar 
early isolation was used by Young and 
Underdahl (1951) for raising tlieir pigs 
They found, hoivever as the numbers of 
pigs increased, that more elaborate isola 
tion was essential to success They have 
developed isolation umts satisfactory for 
exclusion of disease (Young and Under 
dahl, 1953) Satisfactory early isolation is 
obtained by less elaborate isolation units 
described by Haelterman (1956) 

When first considered to obtain pigs by 
hysterectomy, hysterotomy, or cesarotomy 
and rear them for their first weeks m iso 
lation as a disease control measure seems 
impractical The number of pigs which 
can be produced in this manner is small 
Special equipment and skilled personnel 
are required In spite of what might be 
considered discouraging aspects of tlicse 
tecliniques, tlie potential for disease con 
trol is enthusiastically presented by several 
workers who have had experience in this 
area (Young et al , 1955b, Done, 1955 
Hoerlein ct al , 1956 Young and Under 
dahl 1956, ^Vhitehair and Thompson. 
19o6) Swine populations may be m 
creased quite rapidly so diat a few^ pi^ 
obtained clean can provide, through 
subsequent normal farrowing, the basis 
for a sueable population of clean p>gs 
in a relatively short time 

A practical approacli to ehniination o 
clironic diseases from our nauonal swme 
{lopulauon is presented m Uie following 
paragraphs 

1 Obtain aseptic ptgs These arc o 
tamed from good breeding stocks as de- 


scribed above Care should be taken to ob- 
tain pigs from dams which were in un 
questionably good hcaltli the first trimester 
of gestation Attention to this detail sliould 
reduce the cliancc tint some mild agent 
might infect the pigs m utero and be car 
ried tlirough to birtli to infect other pigs 
(Young e/ nf 1955a Young 1955) 

2 Rear pigs tn isolation Pigs arc 
housed in individual isolation units from 


birth by one of the above means until 1 
week old During this period they are fed 
a modified cows milk From 1 vveek until 
4 weeks of age tliey are preferably housed 
in groups of 8 to 12 in isolation brooders 
Less definitive isolation may be used pro 
vided It IS adequate to prevent c\posnrc 


of the pigs to infectious agents Fumigi 
non of quarters with fonn3ldch>dc gas 21 
hours before entry of new groups of pigs 
IS useful During tlic period from 1 to 1 
weeks pre creep feed is made avnilable to 
tlie pigs Jis food in addition to tlic modified 
milk Milk IS wjilidrawn at 1 weeks 
3 Mature on farms Pigs previously 
adapted to eating solid feed arc placed in 
groups of 10 to 20 on fanns from which 
all other swine have been removed Ordi 
nary rearing methods are cmpIo)ed cxcejii 
liiat no new so-called normal ’ stock is 
introduced, and conuct with oilier svvinc 
must be avoided by the farmer Stock is 
riised to maturity In general control of 
diseases will be accomplished b> isolation 
There is some risk, however, of introduc 
uon of hog diolen virus from unknown 
reservoirs Since this disease may cause 
scvcic raoruliiy among swine at a con 
siderabic loss to ihc producer immunua 
uon of swinc against hog cliolcra is ad 
Msed The recommended mcdiod is inc 

,.mul.ancous of rabbi, afemmed Ik^ 

cholera Mrus and rmall doles (10--0 ce ) 
of anu hog cliolcra scnini flic ailcniiaud 
”a«nrc smi. should be ol raW.I o„«... 
to mimmirc the possibility of paiuni^ir 
sm.se. bemg ...trodueed accidenull, hoin 
ihc vaccination Use of aitcnuatcd vaccine 
siru. of saiiie origin preseiiis > 
horard as a source ol siiiiic siru. dura" 
ilSr Ilian hog cholera Hii. xoald 1« 
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most undesirable and perhaps disastrous 
m a herd -which had been freed of disease 
b) much effort. 

4. Resume normal birth. The stock 
whidr is reared to maturity on farms is 
kept there and used as brood slock. Normal 
farrowing is resumed, with precautions to 
avoid introduction of disease. “When ad- 
ditional blood lines need to be added, 
boars from other farms on the same disease 
control program are introduced. 

5 Res£oc/i ot/ier farms. The clean stock 
obtained on primary farms by steps 1 to 4 
is used to repopulate otlier farms. These 
considerations for disease control are ob- 
served: (a) complete depopulation of 
swme from die premises before introduc- 
tion of the "clean" stock; (b) mechanical 
cleansing and disinfection of premises fol- 


lowing depopulation; (c) introduction of 
stocks only from sources or by means which 
assure continuation of "clean" stock; (d) 
avoidance of direct contact witli other 
swine by the farmer, and of indirect con- 
tact as far as possible. Reuse of feed sacks 
through small local dealers is undesirable. 

At the beginning of 1957, die methods 
described above were only in the explora- 
tory stages at a few of our experiment sta- 
tions. Progress has been so rapid and the 
seemingly insurmountable obstacles have 
been passed so easily that there undoubt- 
edly will be considerable field application 
of die mediods in the near future. Effective 
control of virus pneumonia of pigs and 
atrophic rhinitis appears certain. The ap- 
plication of these mediods to swine dis- 
ease problems, ilierefore, should prove an 
exciting step forward. 
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Abortion 

brucellosis. 270 
foot and mouth disease, 20G 
leptospirosis, 237 
vesicular exanthema, 160 
vitamin A deficiency, 637 
Abscesses, 621->24 
clinical signs, 623 
Corynebactenum equi, 386 
etiology, 622 
necrotic rhinitis, 552 
occurrence, 62l>22 
pathology, 622-23 
prevention and control, 623 
treatment, 623 
Acanthocephalids, 43^0 
Acltnobacilltis ligtueresi, 390-98 
abscesses, 622 
mastitis, 514-15 
Aettnomyces bovis, 390-98 
mastitis, 514-15 
Actinomvcosis, 390-93 
clinical signs, 397 
control, 398 
diagnosis. 398 
epizootiology, 398 
etiology, 390-97 
immunity, 396 
pathological changes, 397-98 
treatment, 398 
Aedes sp, 414 

Aerobacter aerogenes, mastitis, 514 
African sniiiq fever, 143-58 
clinical diaractcr, 147-48 
diagnosis, 156-57 , ,» 

diUcrcnciation from edema disease, jw - 
disinbuiion, 143 
edema, localized, 148-52 
enteritis, 154 
etiolog), 143 

gall bladder, distention of, 153 
gastritis, 154 
hcniorihages 
heart. 151-32 
kidneys, 153-54 
l>inph nudes, 149 
leukopenia. 148 
])njphopcnia. 148 
neemsis of l>iiiphoc)tcs, 149 
paihulogv, 148 
prevention and contiol. 15( 
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splenic enlargement 150 
susceptible animals Hfi 
transmission 140 
ulcers intestinal 154 
virus groivth in eggs 137 
Agalactia 515-18 
clinical signs '>16-17 
ergotism 509 
etiology 510 
prevention 518 
treatment 517 
AkaUgenef sp 
rhinitis 

infectious atrophic jaa 
necrotic 532 

Alfalfa !ia> in suine ficd 600 
Alopcoa 72 
biotin dcfiucnc) 013 
Jiog cholera. 111 
pamoihcnic acid deficiency, 010 
riboflavin dcficiciic). 039 
ihalhum sulfate poisoning 4S. 
Vlphaiocopiierol, deficiency of, 038-39 
Viiiaiiii s niCTlium. 391 
imbhommn iiuteutatum,i\j 
Uiiiio acid, cMcnlial rccjuircmcnl. Ml 
iiiiocbiasis 448 
tnatom}. 5-33 
liicmia, 57 

coll lar poisoning , 

cpcr^iliTo/oonosis, 51. Ij3 
licMiohtic. 51 ... 

iron and copper deficicnc). 031 
iron dcriciciic). 51 
moldy coni poisoning. 

IHCvenlion iiOl 
nioiciM deficicnq 031 

pieioylRlutamicacid deficicnq 
{.viidovinc dclitirncy.012 
liboKavm delicienq.C39 
urcpiococtuvi*- 3»1 
ttcaimenl 031 

jcllovc fit di-‘ave,4‘0 
.nctihesu ,,, 

.noihetic 

tbioial livdraie. <> 
chluiofoim 5 '0*97 

.Kiuobaihiial •odium O^i. 

Ihumjlal 9S 

thH>|>ei>ial »k»hum * 

„,ittalpio«r'n‘a‘*“‘ 


ibuUl). 



702 INDEX 


\nophiliaImia \uamm A deficiency, 657 
Anoxia heat stroke, 562 
Anthrax 291-98 
clinical signs 292-93 
control 29G-97 
diagnosis, 295-96 

difierentiation from edema disease, 500 
etiology, 291-92 
pathological diangcs, 293 
prevention, 297-98 
transmission, 293-95 
treatment, 297-98 
Antibiotics as feed additives, 067 
Aphthous fever. 203-15 
^rachnida 405 
Argasidae 413 

Arsenic compounds as feed additives. 663 
Arsenic poisoning see Poisoning arseme 
Arteries 30 
Artlintis 

baby pigs 375 
erysipelas 345 

Mycoplasma hyorJiints, 535-36 
paral)sis and lameness. 553 
slrcpiococac infection, 372-74 
suppurative, brucellosis, 272 
Arthropoda 405 

Ascans lumbrtcoides var suum, 419-26 
cluneal signs, 421 
cross infection, 419-20 
diagnosis 423 
distribution 420 

eftecton virus pneumonia, lOl, 103 
hog cholera. 120 
hosts 419 

lesions in host, 421-22 
life cycle, 421 
liver scars 422 
morphology, 420-21 
prevention, 425 
treatment, 423-25 

a romyem 425 

mivira. anvtvravvvlave 424 
cadmium oxide, 424 
oil of chenopodium, 423-24 
piperazine, 424-25 
sodium fluoride, 424 
Ascarops Jtrongyhna, 432-33 
Aspergellosis 400 

Aspergillus sp in moldy corn poisoning 505 
Ataxia, cocUebur poisoning, 477 
Atelectasis 101,119 
Atresia 
of anus, 569 
of ileum, 569 

Atrophic rhinitis, see Rhinitis, infecuous 
atrophic 

Aujcsiky s disease, see Fseudoiabies 

B 

Babesia perrocitoi, 454-55 
Babesia traulmatini, 454 
Baby pigs, see Pigs, suckling 
Bacillus anthracis. 291-9S 
Bacillus tetanus, see Clostridium telani 
Bacteremia, see also Septicemia 
blackleg, 300 
brucellosis 269 

Bacterium coli, see Cschertchta colt 


Bactenuin monocytogenes, see Listeria mono' 
cytogenes 

Uatanctdiosis, 455-57 
Ba/dnlidtum coli, 321, 323, 455-57 
Barley in feed, 658 
Biotin deficiency, 613-14 
Blackleg 299-302 
clinical signs, 300 
control, 302 
diagnosis, 301 
epizoolioiogy, 302 
etiology, 300 
immunity, 301-2 
pathogenesis, 300 
pathological dianges, 300-301 
treatment, 301 
Bladder, gall 
distention, 153 
hemorrhages, 118, 122 
ulcers, 122 

Bladder, urinary, hcinorthagcs, 117-20 
Eladdcrvvoinvs, 441 
Bleeding procedures, 617-21 
anterior vena cava, 610-21 
anticoagulants C17 
ear bleeding, 618-20 
Uil bleeding, 618 
venipuncture, 618 
Blindness 
edema disease, 496 
lead poisoning, 485 
salt poisoning, 471 
thallium sulfate poisoning, 482 
vitamin A deficiency, 572-73, 637 
Blood, 37-57 

anemia. 31, 37. 5l. 371, 453. 464. 486, 506, 
631. 633, 634. 639. 643, 664 
bleeding time, 41 
calcium in hog cholera. 123-24 
chemistry, 41 
clot retraction time, 41 
coagulauou ume, 46 
eflects of disease upon, 50 
erythroblasts, 46. 55 
erythrocytes, 41-^3 
fragility, 42 
hematocrit, 42 
inclusion bodies. 42 
life span, 42 
normoblasts. 42 
fetal. 43 
groups, 37 
hemoglobin, 41 
hemograms, 45 
leukocytes 43-18 
basophils 47 
eosinophils, 47 
lymphocytes 44 
monocy tes, 47 
monocytosis. 247 
neutrophils 44 
nucabers 

effect of adrenal hormones 44 
effect of exercise on, 44 
effect of digestion, 44 
effect of heat, 44 
in normal swine, 43 
pasceuretlosis 365 
leukocytosis 51,257,344 
leukopenia 127.130-31.344.631 
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lymphoqtes, 54 
macrophages. 54 
megakaryocytes, 46, 55 
metamyelocyte, 46 
myeloblast, 46, 50 
myelocytes, 54 

phosphorus m hog cholera 125-24 
plasmocytes, 46, 48, 54 
platelets. 48 
polychromasia, 42 
pressure, 59 
progranulocyte, 46, 50 
prothrombin time, 41 
reticulocytes, 41 
sedimentation rate, 41 
volume, 40 
Boars, infertility, 271 
Bones 

abnormal, manganese defiaency 635 
axial, 5 

calciBcation, abnormal, ISO 
changes in hog cholera, 122-24 

leg. 7 

marron, 48 
skull. 5. 7 

Botryomycosis, 396-98 
Botulism, 489-94 
clmical signs, 490-91 
control, 4v2 
diagnosis. 492 
epuootiology, 492 
etiology, 4w 
host range, 489 
laununity, 492 
pathogenesis. 490-91 
patliological changes, 491-02 
treatment, 492 
Brain, 35 
edema, 473, 498 
hemorrhage. 122, 153-56 
meningitis, 249-50 
microglial granulomata, 452 
monocytic infiltration. 247 
necrosis, 452 ^ 

perivascular culling, 126-27, Ij 5-56 -3- 
35. 246, 249 
eosinophilic, 472-73 

Breeding, 675 ,ai 

management during breeding 
management during gestation, 683-5H 
recommendations for commercial hog p 
ducers, 677 
research, 077 

terms used in breeding work, 0»o 
testing programs. 078 , 

Brine (loisoning, see Poisoning, sodium 
Bronchi 

eruptions m swine pov, 165 
exudate, 84 

Urondiopncuinoiua 118-19 
/*ruce//a ofiorlus, 267-89 
tirucelta me/itenjii, 267-89 
Brucella species 
dilTcrcniiaiioii 268-69 
morphology, 268 
htutella suts. 267-89 
ItruceSIoMs, 267-89 
abortion 270 
clinical sicns. 269-72 
roniint. 2X4-83 


diagnosis 275-73 
allergic test 277-78 
seroagglutination test 2 >-‘7 
epuootiology 2c>0-82 
etiology. 267-69 
host range 267 
immunity 279 
pathogenesis 271 
patholc^ 272 
stdlbirth 270 
treatment 278 
vaccination, 2&0 
Dull nose see Rhinitis necrotic 
Dutton ulcers in hog cholera 150 


Cakificauon abnormal nb 124 127 
Calcium in feed. 662 
Callttroga hominiiorax, 4\2-li 
CalUiroga macellaria 413 
Castrauon 601 
cryptorcliid 603-6 
Catlin mark, 568 
Cesarean section 611.613 
Cesaiotomy for disease free pigs OJi 
Cestodcs. 440-42 
Chohne 

deficiency. 644 
swine feed. 667 
Chilomastix tnesniU, 44® 

Circling salt poisoning 471 
Cinhoiis. moldy corn 
Clainceps purpurea, in crgoiisin 5iW 
Claws, necrosis of. 509 
Cleft palate 563 

vitamin A deficiency. 63» 

Clostridia, 299-309 

C/0Jl«dium balulinum, 469-Jl iji.sj 
lioscholcr. po,t 

Closlndtum chau.vehiW. so. 

Closindsum noiyi, 502 
Closindrum ordemaliens. 502-) 

Closlndtum lefOcum. 3ff- 

cuus.398 

Cholcn-bos.*"'!?!''"'"' 

CoUbaciIloMvS'tv'* 

clmtcal 

diagnuvli. 37a ^ 

epiis>otM>hVT.^^‘ “ 

trUoUy^. 5 '*:. 

unmuniiy. 3<^» ... 

,ialhol.«icaUhati.ci.3.> 

Meaimetiu3.o ^ 1 

u..io.a.l .in ' 
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Anoplithalinta. vitamin A ilcficicnc), 637 
Anoxia, heat stroke, 562 
Antlirax, 291-98 
clinical signs, 292-93 
contiol, 296-97 
diagnosis, 295-96 

difTcrentiation from edema disease, 500 
etiolog)', 291-92 
patliological changes, 293 
prevention, 297-98 
transmission, 293-95 
treatment, 297-98 
Antibiotics as feed additives, 667 
Aplillious fever, 203-15 
Arachnida 405 
Argasidae 415 

Arsenic compounds as feed additives, 668 
Arsenic poisoning, see Poisoning, arsenic 
Arteries 30 
Arthritis 
baby pigs, 375 
erysipelas, 345 

Mycoplasma hyorhims, 535-36 
paralysis and lameness. 555 
streptococcic infection, 372-74 
suppurative, brucellosis, 272 
Artluopoda, 405 

,4rcans lum5ncoid» var stium, 419-26 
clinical signs, 421 
cross infecuon, 419-20 
diagnosis, 423 
distribution, 420 

effect on virus pneumonia. lUl, 103 
hog cholera, 120 
hosts. 419 

lesions in host, 421-22 
lifecycle, 421 
liver scars, 422 
morphology, 420-21 
prevention, 425 
treatment, 423-25 
hynomycin, 425 
cadmium anthranilaie, 424 
cadmium oxide, 424 
oil of chcnopodium, 423-24 
piperazine, 424-25 
sodium Huoride, 424 
,4icaropr strongyi/ma, 432-33 
Aspergellosis, 400 

Aspergellus sp in moldy com poisoning, 505 
Ataxia, cocklebuc poisoning, 477 
Atelectasis, 101, 119 
Atresia 

of anus, 569 
of ileum, 569 

Atrophic rhinitis, see Rlimitis, infectious 
atrophic 

Aujeszky’s disease, see Pseudorabies 

B 

Babesia perrocUot, 154-55 
Babesm traiilmanni. 454 
Baby pigs, see Pigs, suckling 
Bacillus aiil/iracij, 291-9S 
Bacillus tetanus, see Clostridium tetam 
Bacteremia, see also Septicemia 
blatUcg. 300 
brucellosis, 269 

Bacterium colt, see Escherichia coU 


Baetertum monocytogenes, see Listeria mono- 
cytogenes 

Ualaiitidiosis, 455-57 
flafanhdium coU, 321, 325, 455-57 
Barley m feed, 658 
Biotin deficiency, 643—14 
Blackleg, 299-302 
clinical signs, 300 
contiol. 302 
diagnosis, SOI 
cpizootioiogy, 302 
etiology, 300 
immunity, 301-2 
pathogenesis, 300 
pathological changes, 300-301 
ircaiinent. 301 
Bladder, gall 
disvenWon, 153 
hemorrhages, 118, 122 
ulcers, 122 

Bladder, urinary, hemorrhages, 117-20 
Bladdcrwomis, 441 
Bleeding procedures, 617-21 
anterior vena cava, 619-21 
anticoagulants. 617 
car bleeding, 618-20 
tail bleeding, 618 
venipuncture, 618 
Blmdvvcss 
edema disease, 496 
lead poisoning, 485 
salt poisoning, 471 
thallium sulfate poisoning, 482 
vitamin A deficiency, 572-73, 637 
Blood, 37-57 

anemia. 31, 37. 51. 371, 453. 464, 486. 506, 
631.653. 634. 659. 643. 604 
bleeding time, 41 
calcium in hog cholera, 123-24 
chemistry, 41 
clot retraction time, 41 
coagulation time, 40 
effects of disease upon. 50 
ciythroblasts, 46, 55 
erythrocytes. 41-43 
fragility, 42 
hematocrit. 42 
inclusion bodies, 42 
life span, 42 
normoblasts, 42 
fetal. 43 
groups, 37 
hemt^lobin, 41 
hemograms, 45 
leukocytes, 43-48 
basophils, 47 
eosinophils, 47 
lymphocytes. 44 
monocytes. 47 
monocytosis, 247 
neutrophils, 44 
numbers 

effect of adrenal hormones, 44 
effect of exercise on, 44 
effect of digestion. 44 
effect of heat. 44 
in normal swine, 43 
pasuuielUisis, 3(15 
leukocytosis, 51. 257, 344 
leukopenia, 127 130-31,344. 631 
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Ijinphocytes, 54 
macrophages, 54 
megakaryocytes, 46, 55 
metamyelocyte, 46 
myeloblast, 46, 50 
myelocytes, 54 

phosphorus m hog cholera, 123-24 
plasmocytes, 46, 48, 54 
platelets, 48 
polychromasia, 42 
pressure, 59 
progranulocyte, 46, 50 
prothrombin time, 41 
reticulocytes, 41 
sedimentation rate, 41 
volume, 40 
Boars, infertility, 271 
Bones 

abnormal, manganese deficiency, 635 
axial, 5 

calcification, abnormal, 130 
changes in hog cholera, 122-24 
leg. 7 

marrow, 48 
skull, 5, 7 

Boiryoraycosis, 396-98 
Botulism. 489-94 
clinical signs. 490-91 
control, 492 
diagnosis, 492 
epiiooiiology, 492 
etiology, 490 
host range, 489 
immunity, 492 
pathogenesis, 490-91 
pathofogtcal changes, 491-92 
treatment, 492 
Brain, 35 
edema, 473, 498 
hemorrhage, 122, 155-56 
meningitis, 249-50 
microglial granulomata, 432 
monocytic mfiliraiion, 247 
necrosis, 452 

pcrnascular cuffing, 126-27, 155-56, 23-- 
35, 246. 249 
eosinophilic, 472-73 
Breeding. 675 

management during breeding Kasoa, 681 
management during gestation, 683-84 
recommendations for commercial hog pi*> 
ducers, 677 
research, 677 

terms used in breeding i^ork, 675 
testing programs. 673 

Bnuc poisoning; see Poisoning, soihuin salt 
Brondii 

eruptions m suine pos, 165 
exudate, 84 

nronchopneumoma. 118-19 
Brucella aboitus,26~S0 
Brucella melilensis, 267-89 
Brucella species 
differentiation, 268-69 
morphology, 263 
Brucella mis, 267-89 
Brucellosis, 207-S9 
abortion. 270 
clinical sicns. 269-72 


diagnosis, 275-78 
aUergic test, 277-78 
seroagglutination test 27‘i-77 
epuooliology, 280-82 
etiology, 267-69 
host range, 267 
immunity, 279 
pathogenesis, 271 
pathology, 272 
stillbirth, 270 
treatment, 278 
vaccination 280 
Bull nose, see ffhmitis, nccroiic 
Button ulcers m hog cholera 130 


Calcification abnormal nb 124 127 
Calcium in feed. 662 
CalUtroga homtnworax, 4 12-13 
Calhtroga macellana, 413 
Castration 601 
cryptorclml, C03-6 
Catlin mark 568 
Cesarean section. 611,613 
Cesatotomy for disease free pigs 69/ 
Cest^cs, 440-42 
Choline 
deficiency. 644 
swine feed. 067 
ChthmasHx m«ni/i. 448 

Circling. mU poisoning. 471 

Cinliou., mofay mdi 'S; 

Claws, necrosis of jW 
Cleft palate. 56S 

vitamin A deficiency. 63/ 

aosmdia. 2y!>-5(» .ra.!)i 

Clostridium chauvoehW- 30- 
C/oilndium 

Cloilndiam „ .ik 

C(o.lnd.um 

Ctolniliu" 

Clostndiu"* uelenu. 
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Coma 

liinitro poisoning, 483 
licai sirol,e, 5G2 

h)-poglyccnua m baby pigs 524-25 
lead poisoning, 483 
salt poisoning, 470 
Condida albtcaiis, 399-400 
Con 3 UncUviUs, hog cholera 113 
Consupadon, iiog diolcra, 1 14 
Coiuuisions 

(hnitro poisoning 483 

edema disease, 490 

hog cholera U5, 129, 136 

hypoglycemia m baby pigs, 524-25 

lead poisoning 483 

nighlsbade poisoning, 478 

porcine encephalomyelitis, 230 

pscndorabics 221-23 

pyridoxinc dcricicncy. C42 

salt {Kiisoning 471 

tcunus 307 

ihaUium sulfate poisoning, 482 
ualcr htinlocV poisoning, 478 
Copper in swine feed C&l 
Cairn m feed, CjG 

Conuebactenum equi, tubercle like lesions. 
583-81 

Cor^riebacterium .Megnurron Hoh/i, 383 
CoryiieGaeterium pseudolubereulosis, ab* 
sa-sscs C22 

Corynebactertum pyogeties, 306-98 
abscesses C22 
niasiuis 514 

< otynebaelcTium sp , rhinuis. necrotic. 552 
CtiilonKCd meal in feed. (^8, 662 
Cougli 386. 152 
abscesses, 623 
African swine fcier, 147 
ascands as a cause of, 421-22 
dironic, dry, 102 
pantolliciiic acid dcricieticy. CIO 
Crypiococcoiit SOJ 
Ciyfiloeoeeus faTamtnonu, 399 
Cry/i/ofocciu nc o/omianj, 399 
Cryplordndisiii, 570 
Culftebta ip^ 412 
Csanocobalaiiiin dcficirncy, 612 
Cytlicftcui crlluloiaf, 4 tl 
ryificercut lenuieolhs, 4 tl 

D 

tHmuslcctic mange. 

Drinojfx Inliculonim, 110 12 
DrfnoJex { hyUvnUi. 410-12 
I)ftiu>3cfntor »p, 415 
Del matins 
likotm dclicicncy 6(3 
esudatne. ’>53-54 
cltinral >(i,ni, 553 
duitinnts, 554 

dillctniltaiiiin ftuin paiakcraiinis. 673 
ctiob'iO. 553 

luitiological diaii,;rt. 553 54 
iiraimriil 554 
(ai ilefiiicncy 72 
!>■. I and iiK>ulh dnease, 2ii> 4i 
maiii;r, 104-12 
swicws 'W Cvi s«s\s.7 , Wtl 
paialeratmii, OIJ 
p}u>(tneiittiuauon 5o( 


pityriasis rosea, 395 
pox. 163 

riboflavin deficiency, 639 
ringworm, 393-95 
St John’s wort poisoning, 479 
suckling pig, 166-67 
sunburn. 563 
sHine erysipelas 341-43 
swine poK, 166-67 
lesicular exanthema, 180 
vesicular stomatitis, 191-95 
Dennatophytes, 393-96 
Diamona skin disease, see Erysipelas, swine 
Diaphragm, 9 
hemorrhages, 506 
Diarrhea 

sarcospondiosis. 454 
African swine fever, 147 
amocbiasis 448 
arsenic poisoning, 484 
balantidiasis. 455 
blood). 313 

buttercup poisoning. 179 
coccidiosis, 449 
edema disease, 496 
leptospirosis, 257 
neonatorum, see Colibaullosis 
mercury poisoning, 466 
niacin deficiency, 641 
pantothenic acid deficiency, 640 
pityriasis rosea, 395 
ptcroylgiuiamic acid deficiency, 643 
pyndoxine deficiency, 642 
red squill poisoning, 431 
thallium sulfate poisoning, 462 
thiamine deficiency, 639 
threadworms, 137 
toxoplasmosis, 152 
tuberculosis, 386 

Dicalcium phosphate in feeds, 662-63 
Diet for colostrum deprived pigs, 696 
Diethylstilbcstiol in siviiic feeds, 669 
Digestion 00-01 
Disease chinmation, C93 
Disease fne stock, G93-99 
Distropinc ihinitis, see Rhiiiitu, infectious 
atrophic 

DyKiiicry, 313-16 
clinical signs. 313-14 
(unirol. 315-16, 693 
cpiroonology. 315-16 
diagnosis, 31 1-I5 

ddfctciiiiaiion ftom sahnoncllosts, 329-30 

duitibution, 313 

rinili^, 313 

ininiunity. 315 

inuibidity. 314 

paihulogiral changes, 314 

ttratiunit. 315 

vibiiu 313 

Dyspnea. 367. SisO. IbO, 481. 023 
heat siiokr. 562 

E 

kjlis 

riienia i‘/J 
inner, infectiun. S72 

UCCCUW.V 

ri.,t,tisin. 5^J 
pltoKnenttil/aiipn, 561 
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sunburn, 563 
swine erysipelas, 344 
Echidnophaga gaUinacea, 413-14 
Edema 

gastric, 118, 497 
intestine, 640 

localized in African swine fever 148-52 

lungs, 118-19 

pulmonary 

African sivine fever, 150 
edema disease, 498 
swine influenza 86 
vitamin E deficiency, 639 
Edema of the bowel, see Edema disease 
Edema disease, 495-503 
clinical signs, 496 
diagnosis, 499-500 
etiology, 495-96 
pathological changes, 497-99 
treatment, 502 
Eimeria debltecki, 449-51 
Eimerio perminuta, 449-51 
Eimeria scabra, 449-51 
Etmeria spirtosa, 449-51 
Electrocardiogram, see Heart 
Elephantiasis, see Parakeratosis 
Embryo death, vuaram E deficiency, 638 
Emphysema 
intestinal, 580 
muscular, 300-301, 304 
pulmonary, 423, 484 
Encephalitis 
African swine fever, 155 
hog cholera, 126 
listeriosis 245-49 
pseudorabtes, 225 
salt poisoning, 472-75 
streptococcosis, 371 
Teschen disease, 230-37 
Endamoeba sp , 448 
Cndolima*. naua, 448 
Enteritis, 452 
African swine fever, 154 
antii poisoning, 480 
buttercup poisoning, 479 
cohbactllosis, 374 
licmorrhagic, 222 3I3-1G 
mercury poisoning, 4G7 
necrotic, 321-32 

difTcrciiiiaiion from hogcliolcra i30 
niacm deficiency, Gll-42 
niacin and tryptophane deficiencies, on 
pantothenic acid dcficicnc). 610 
red squill poisoning, 481 ^ 

Sahiianella choleraesuts in, 321-— 
ulcerative, iliaihum sulfate poisoning. 4 
Entcrotoxcmia, see Edema diMa« 
Eiuiionmeiu, physiology of, 73-71 
I per^llirozooti suis, 452-54 
Eperythroroonosis, 51, 452-51 
Fpiglotiis, hcinortliagcs of. 117-18, 150 
Epuootic lyinphangius, 399 
Ergotism 
ciiology.SOO 
diagnosis. 510 
ticainiem,5I0 

Erysqiclas. smne, 122, 335-Cl 
agalactia. 517 

biologies, cvalujliun of. 352 
clinical signs. 341-13 


control. 358 
diagnosis, 347 

differentiation from edema disease, 501 
differentiation from hog cholera 127-2^ 
130-31 

differentiation from pastcuicllosis 3()S 

eradication 358 

etiology, 337-40 

history. 335-36 

host range 336-37 

hostsuscepuhility 3')4-55 

immunity 317-48 

methods of transmission 3'»3 

mode of entrance, 357 

pathological changes 313-41 

sources of infection 3')fi 

treatment 351-''2 


vaccination 
bactenns, 351 
serum and culture, 348-49 
vacancs 

aiienuaied. 319-50 
Erystpelolhrut rhusiopathiae 
arthritis 555 

biochemical reactions, 33J 
growth charactensUci,337-3J 
hog cholera vaccinauon losw-s I31-3J 
hypoglycemia of baby pig». 
iliiralis. miKliouJ ,iii>l>lii(. 

Stability of, 357 • •njn 

serological characicriviics 35£MO 
Erythema 
hog cholera, 1)0 
paraUraiosis C50 
pliotoscnsititalion, 501 
sunburn. 503 
Escherichia coU 
abstt«c». 

metritis. 513 
Esophagus,!! 


acts 039 
large, 113 


105 


</>jli«, 41) 

i«um dcprivctl 

wuirciticni*.*'^ 

hii'r4.0o7 

msin fcetl-OvO ^ 

UlaiKcd.Uj^ 

ictiu»ioncnli.i«'^ 

Itf.’. 104 
inol.3l3*H ^ 
n Iffl. **' * 
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Hies, rajiasis, 412-15 
Flics, pox %irus transmission, 161-62 
Fluorine in ss*inc feeds, 663 
Flukes, 44CMI 

Folic acid m sit me feed, 607 
Folic aad deGcicncy, see i’tcroylglutamic acid 
Foot and mouth disease, 20J-15 
clinical signs, 205-0 
control, 215-15 

import rcsirictioas, 215 


staiiipiiig out. 214 
laccincs 214-15 
diagnosis 

animal susccptibilit) 207-8 
chicken inoculation test, 209 
compluneiit fixation test 208 
cross immunity test, 209 
held 207-3 

guinea pig protccuon test, 209 
iirus ncutralualion, 209 
laboratory, 203-9 

dilfircniiaiion from swine po\, 165 67 

epuootiologs, 210-13 

geographic distnhution, '205- i 

liisiopaihology, 20(>-7 

host range. 20F-5 

immutiil), 209-10 

moibidity, 213 

mottalil), 206 

patltological changes, 206 

public iiealth problem. 215 

iransmiuion, 212-15 

ucauucni. 210 

strus stability '210-12 

virus iytict.205 

Fungus infLctioiis ttcatiucnt u(. 400 
hiMriuin eratiiineistiim m suhuvaciMius 
50S ** 


G 

Call bladder ire llladdcr gall 
(<angicnc 
rtgoium. 509 
gai.303 

Oaibjgc, rule in itaiiMinuiun of 
hog cholera, 139 
Ttitliinflla ipiielit, 433 
lulicicuhmi. 311 
vrsicuUr exanthema, 163 
vesicular stoiiiatiiis. 193 
Cas edema ice Malignani olcina 
G4i/ei(>/4i/ui . 112 
(>aiUic eilcina. ice lalniia diseave 
(.aMiilis. 314 

Miuati swine fever, 154 
antu |M)iw)iiiiig. 
huiirTCUp poivoning. 47'9 
hogcholfij. 120 
inuaie iwnvmvns 44l 
irtl wiuiU (lOiMining 441 
M Johns won 479 
viixnacli woimv 133 
uliriitive 
■•«hin-s Sill. 472 
utepiMoCvinti, 374 
ihalliuni vulfair |ioiMJiiiiig. 4i2 


Castroenteiius. see also Transmissible gas 
tiocnteniu 

hemorrhagic, lead poisoning, 485 
Genitalia, female, 22 
Genitalia, male, 18 
Ciercfta lamblia, 448 
Gland 
adrenal, 26 

anterior pituitary 70-72 
endocrine, 25. 70-72 
mammary. 27 
paratliyroid, 26 
pineal, 26 
pituitary, 25 
salivary, II 
sebaceous. 35 
thyroid, 26, 72 
Classer s disease, 555 

Goose stepping, pantothenic acid deficiency, 
640 

Greasy pig disease, see Dermatitis, exudative 
Granulomas, fungal, treatment of, 400 
Cut edema, see ^cma disease 
Cynandromorphism, 570 

H 

liaemaloj>iuiiS suis, 406-8 
pox virus transmission, 160 
Handling pigs, 586-91 
Hay, legume, in swine feed. 659 
llcmatoiog), 57 

Heat exhaustion, see Heat stroke 

Heal stroke, 561-62 

Heart 

electrocardiogram, 59 
endocarditis, vegetative. 344. 372, 374 
licmonhagcs 
dilTusc, 498 
endocardium. 568 
epicardiuin, 315 
lead }>oisoning 485 
mycKatdfal, 477 
]>cricardium. 363 
jieicchlal 437 
suliepicatdial, 481 
inyocaidial changes, 117-19 
nrciosis of muscle. G39 
|ieiicatditis, 118-19 
rate, 59 
sounds 00 
Itciiioglobniuru 
le|>t(n]>iroiis. 257 
lihoiovciuitiutiun, 564 
llciiiogianis. 38 

lleiuoiyiic diveave of newborn. 37-40. 521 
ilemophtlus suit, 82. 92-93 
<«Uvvcrs divcaie. 555 
liyfioglytcmia ol baby pigs, 521 
iletaurtlia,;cs 
brain. 122. 155-50 

caidur. 118-19, 149.151-52.313.31.8 
Cplgjouis, 118-19. 150, 372 
gall bladder. 118. 122. 153 
mirvlinal. 117-20. 148. 154 363 
kWner 116-20 121, 130. 135-51, 313. 

572 

laryw*. 117-19 130 150 
luogv 117-1*9, 151,372 
l;ni{di 124. 129, l»9. 372 
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menmgcs. 154 
ovarian, 64 

skm, 116, 129, 148, 343. 368 
stomach, 117-20. 154, 343, 36S 
trachea, 150 

urinary bladder, 130, 154 
Hemorrhagic septicemia, see Pasteurellosis 
Hepatitis 
hemorrhages, 463 
moldy com poisoning 507 
necrotic, focal, 452 
Herbiades, 483-85 
Hermaphroditism 
complex, 570 
false masculine, 371 
true lateral, 570 
unilateral, 571 
Hernia, 571 
scrotal, 603-10 
umbilical, 615-16 
Histoplasma fareimitiosuin, 399 
Hog cholera, 111-44 
abnormal calci6cauon, 127 123 130 
agalactia. 517 
button ulcers, 130 
chronic, 114-15 
clinical signs, 113-15 
control and eradication, 133-40 
cost. 112 
convulsions. 136 
diagnosis 127-31 

differentiation from African suine fever 

156-57 

differentiation from edema disease. 500-501 
differentiation from pasteurellosis 368 
differentiation from swine influenza, 
differentiation from Teschen disease, -34 
237 

cpizoouology. 138-fO 
eradication, 139—40 
euology, 112-13 
experimental animals. 111 
geographical dismbuuon. 111 
history, 111-12 
immunity, 131-37 
laboratory tests, 130-31 
leukocytes. 127. 130-31 
malfonnations. 568 
nutrition, 135 
pathological dianges 
gross lesions, 110-24 
histopatiiology, 124-28 
pathogenesis, 115-16 
treatment, 137 
vaccination. 132-37 
attenuated live virus, 132-33 
killed virus, 133-34 
malignant edema. 504 
post vaccination losses. 134-3i> 
sows and suckling pigs. 137 
virulent virus, 132 
virulent virus and sciuni. 13- 
varuni viruses. 130-37 .. , 

virus pcrsuicncc in exposed swine* u 
virus stability. 138-39 
Hog louse, see Louse, hog 
Hog mange, see Mange, hog 
Hormones 

as feed additives, G(7> 


ovarian 65-66 
pituitan 6>-C6 
testicular 67 
H)daud disease 441-42 
Hydrocephalus 260 
Hydropcncardium edema disease 4J3 
Hydropentoneum 164 
edema disease 493 
moldy com poisoning vlXi 
HyJrodtorax edema disease 493 
Hyostroug^lus rubidus 431 32 
Hvpercmia skm 114 

llvpcrhidrosis exudative dermatitis j->2 53 
Hypoglyccimaof babypig 521-24 
clinical signs and diagnosis. "21 
economic importance 523 
etioli^ 523-24 
pathoJogicaf changes 524 
prevention and control 520 
treatment, 526 

Hvpolhcnnia m hyT>oglyaniu of baby pigt, 
524-23 

Hvstercctomy 613 

for disease free pigs 697 

I 


ictus , 

ascands as a cause of, l«.»--3 
cpcrythroioonosii, 153 
luold) coin poisoning ,»06 
vellow fat disease. 4S6 
foordmaiion 

pantoibenic aad deficiency, 639 
Citamin E deficiency 638 
farction 

intestinal 121--- 
kidney, 130 

f«uous*«top*»‘^ ihinitis ice Rh'"'"** »'» 

fcciious atrophic 
ficiious bulbar paralysis. 21tL.< 
feriiliiy 
l)oan 270 -il 

1172-5 

tlimeal 

rpi/ootiolog) 
carthwonn in 93-^ 
maskcvl virus »»• 

,»nspaihol«-^.»*-^ 

Kalth harard lu iw" 

iistupalholvW- 
iniuunilf.9l^- 

'Uinal canal ay . _ 

2u4,e.owih Uioc.^-H 


v.i« 
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Inicsiincs 
anaiom> of 13 
aioo) ol. 103 
buHon ulcers 124-20 
cecum, nccrolic enteritis, 322 
colitis hemorrhagic, 137 
colon 

heinorthagcs 148 
necrotic entcrilis, 322 
congestion 103 
iliphtlicntic exudate, 31 1 
distention 103 
edema 497. 4'J8 GIO 
emphysema 5S0 
enteritis 375 443 452 480, 484 
diphtheritic, 467 
hcmoriUagic 440 167 
necrotic, 321-32 

hemorrluKcs 103 117-20, 154, 314, 367. 

437 479-SO 498 
ileitis caiarthal 321 
infarction 121-22 
necrosis 154-55 399 
nodules caseous, 410 
occlusion Viiih ascarids, 423 
jscitorauun, 440 
ulceration 118-21 
Iodine in SHine feed, 661 
Iron m tssine feed 063-61 
Isolation uiiiu for disease free pigs 697 
Iioipora SUM, 449-51 
Uodidae. 415 

J 

Jaundice, see Icterus 
Joints 
abscess 272 
ankjlosis, 314 

ciilargcmcm 271 311.374. 632 
fibrinuus uillammaiiun. 555 

K 

Keiatinuaiion. cpuhclul, 638 
Knlncr, 16 
actinomjeosif 396 
Uowman's capsule, fibrosis, 259-62 
fibiusis, 167 

fuel. gras. Irptospinssis. 257 
giaiiiiloiius. 400 

hcinoithases 116-20, 121 130.153 51 343 
177.11*5 1/1 906 
infarcts. 130. 371. 135 
phstiology, (j| 
luljciclc lesions S^6 
iiiairs in, ID^. 525 

Kidney >«otiu. see \tt( hanuiui ilriifatut 

L 

l^ctaluxs. decieascsi m idsuOasns iieficsemy. 

baiocnrsi, 311. tee aho i'ataljsis and lanscisess 
biuicthniv 271 

cigutii.n V/> 

lUleti, 632-33 
stlamm 4) dcticictuy.OSH 
Miifarui {/•Lnsiming 1s2 
sellusr fat dneax-. 1*^ 


Larynx. 9 
edema of. 304 

hemorrhages of, U7-19, 430, 150 
hj'pcrciQia of. 84 
Leptospira pomona, 253 
Leptospirosis, 253-65 
acute, 256 
carriers, 255 
dironic, 257-62 
control, 262-64 
dugnosis, 255-57 
incidence, 254 
transmission, 254, 262 
saccination, 263 
Leukocytes 

m hog cholera, pailiogenesis. IlG 
in infarction, intestinal. 126 
transmissible gastroenteritis lOS 
Leukocytosis, see also Jllood 
leptospirosis, 257 
protein deOcicncy, 631 
salmonellosis, 51 
suinc erysipelas, 51, 344 
Leukopenia 

African snine feser, I4S 
hog cholera, 51, 445 
protein deficiency. 651 
ptcroylgluumic acid dcficicncs. 51 
smne influenza, 83 
Lice. 406-8 

Linseed meal m feed, 658, 662 
Listeria monocytogenes, 243-51 
Listeriosis, 213-51 
clinical signs, 246 
course, 217-18 
diagnosis, 218-50 
etiology. 214-53 

geographical distribution. 211-45 
immunity, 250 
pailiology, 247-48 
transmission, 211-45 
treaunent, 250 
laser 

actinomycosis of, 396 
anatomy, 14 
ascand lesions, 422 
cirrhutii, 506-7 
bbiotic t]»ots. 435 
granulomas. 400 
bnicellosit, 274 
lirpaiUis 
nrmorihagic, 463 
nccTUiiC, 152 
icterus, 153 
tircrotis, IH2 
hcmoiibagic, 633-39 
Kan, 12 

i(um mriastiongy Ic migraiiun, 129 
tuiictclc Intoiii, 3b6 
saiirKaird. cngorgnl. 165 
laNkJaw. tee Tetanus 
l^dmls. Mtamin S deficiency, 657 
Umik br-K, 106-9 
Iu«5.9 
abwntes. 3 O 
acitnoiaycotu. S'lG 97 
adheiiotis. 1 10 

aKaiul latsal migration. 121-25 
airiccuiii. I19-I9 
tiuKiihojxscuuwxiu I lx 19 
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congestion, 117-19 
cough. 367, 452 

dyspnea. 367, 386. 480. 481. 623 
edema, 118-19, 150. 343. 367, 4S0 489 493 
562, 639 

emph)sema, 428, 484 
eosinophilia, 428 
fibrosis, 440 

giant cell formation, 428 
granulomas, 400 

hemorrhages. 117-19, 437, 460, 498 
hyperemia, 117 
necrosis, 367 

pneumonia, 81-96, 99-104, 119 151 36 j 
428, 452 

tubercle lesions, 386 
Lungivorm. m swine influenza, 95-96 
Lungworms, see Metastrong) lus 
L)Tnph nodes, 28, 30 
deep, 34 

cervical and mediastinal, enlargement of 
85 

edema, 116, 124 

enlargement in virus pneumonia, 101 
hemorrhage of. 116, 124, 129, 149,639 
histology, 51 
swelling of, 293 
tubercle lesions. 386 
L)mphangitis epizooiica. 399 
Lymphocytes, necrosis m African swme fever 
149 

Lymphopenia in African swine fever, 148 
Lysine in swine rations, 662 

M 

Macracanthorhynchus Iiirudmceeus, 439-40 
Mad Itch, 219-27 
Magnesium in swine feed, 664 
Malformation, 567-75 
acardiacus. 573 
cailin mark, 56S 
cause, 567 

circulatory system, 569 
cryptorchidism, 570 
digestive system, 569 
atresia of anus, 569 
genual 569-70 
gynandroinorphism, 570 
heritable, 567 
hermaphroditism. 570-71 
henua, 571 
microphthalmia, 572 
monsters. 573 
nervous system, 569 
skeletal. 567 
wattles. 572 

Malignant edema 302-5 
clinical signs. 503 
control, 303 
diagnosis. 304 

vliflcrciuiation from edema disease 

cptzoojiology, 305 

etiology. 302-3 

immunii), 301 

licaimem. 301 

pathogenesis. 303 

pathological changes. 301 

Management of svtine, 673 
duiing breeding season, &SI-83 


during gestation, 633-84 
early weaning of pigs 635-86 
farrowing schedules 637 
programs to maximize returns 689-90 
suckling pigs GS4-85 
weaning lo-market 6S6-S7 
Manganese III swine feed 661 
Mange demodcciic 410-12 
Mange hog 408-12 
control ill 12 

differentiation from parakeratosis 6'.2 
Mange sarcoptic lesions of 400-10 
\fangc mites 403-12 
Marketing 637 
Mastitis 514-16 
clinical signs 514-15 
diagnosis 515 
etiology 514 

hypogly^mia m baby pigs j*4 
Uicrococctts sp„ 396-93 
patliological diangcs 515 
prevention 516 
ircatment. 515-16 
Maul und klaueiiscudic. 203 -Ij 
M eislypork 441 

Meat and bone scraps in feed 6 j9 

Mcgakarvocyus,a0 , , , 

Mcnm"cs hemonhages of 

Metabolism 
carbohydrate /- 

fat 72 

Mctaslrongylos 

ctinial signs 4-8 
diagnosis 128 
distribuiion 420 
hosu 426 

in swine influensa. 4.8 
lesions 428 
life cycle. 426--8 
morphology. 4-6 

prcvcnlion. 4-8--J 
species 426-2/ 

Mciriu».518-I^ ,, 
clinical signs 513 
dugnosis .>13-tv 
etiology, , , j- 521 

»,y,»g!)caiiu m P'S*- 

tinrvciiiion 

ircalincnt j14 

licctolic 

udder 6 J 7 

Miciophtlialnn^.,^'* ^ ^ 

Mustier 1 
Milk , , , 

amount o! ^ 

fomjKjMiiou o 

mL..I 

Miic».4i.'^*- . ^ 

Uonih.*'* ^**'* '^^ 
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Moniliasis 309-400 
Monsters 573 
Mosquitoes 414 
Mouth 

anatomy of, 12 
eruptions in, sivmc pox. I6j 
inll^niation of, biotm deficiency, 643-44 
Mucormycosis. 39^99 
Muscles. 50. 33 
crepitation 500-501 

degeneration, svaxy, \itainin E deficiency. 
639 

cslema, 304 

emphysema 500-301. 304 
hemorrhage. 506 
tremors 170 478 496 
uhitc spots sarcosporidiosis. 454 
Nfuscular incoordination, sitamin E defi* 
cicno 638 

Mycobattenum tuberculosu, 379-82. 514 
Mycoploima hyorlitms, arthritis, 535-36 
Mycoses systemic 396-401 
Mycoiic inferttons 395-401 
Myelitis in hog cholera. 126 
Myelograms, 49 
Myiasis 412-13 
Myocloiiu congenita. 529-31 
clinical signs. S50 
diagnosis 530 

cpirooiiolt^ and control. 550-31 
etiology, 529 

locomotor disturbance 556 
patiiologial clianges. 530 
ireaiiQcnl, 530 


N 


Neciims 

endothelial cells 121 
fat. 581 

intestinal epithelium in, 108 
intcsiinal mucuvi 125-26 
slm,72 

Nccioiic eiilrriiit ,ee Iniciuu, neciolic 

NematMles 419 3'l 

Niacin 

(IcrKicncT, GttS-42 
ivrine (ecvl (•Wi 
Nucaidia, 400 

NcKluIar Monns hc tlrtopfidgoitomum 
• I^CICS 

Nine, iff Alia Snout 
iliMhaige ’10 5t>2 023 
(i>atiiy, 502 

diitoition latrtal, 510 
riupOoiis In. Shine |n<s 105 
tinging 017 
dioiiniing 510 

Niiiiiiioii and infcctiun. <>27-29 
NutiilKMial drticirnckes. 027-48 
calcium aiul |>lio«phoiu« 042-33 
(Jilxditdtatev Oto 
lulult. O’ai 
lai 032 
grnesjl 62J 
>u>’ine.i.3« 

Uc-i at>d4t,j (icT 031 
KiisnrTiuto. 055 
tsansaixte 055 
u neta'v 032 V> 


proteins, 631-32 

sodium, potassium, and chlorine, 633 
svater, 6W 
ztiic 635 

o 


Oats in Iced, 656 

Oeiophagoslomum denlalum, 429-31 
clititcal signs, 430 
diagnosis, 430 

geographical distribution, 429 
hosts, 429 
lesions, 430 
lifecycle, ISO 
morphology, 429 
prevention, 431 
treatment, 430 

Oetophagoslomum s|)ccics. 429-SI 
Oidium albicans, 399 
Oophorectomy in the son, 614 
Operational procedures 
prolapse of sagina, 614 
removal of fetuses, 611 
removal of ovaries, 614 
removal of scirrhous cord, 606-8 
removal of testicle 603-6 
removal of uterus. 613 
repair of umbilical henna, 615 
scrotal henna. 608-10 
OpisUioionus, 307 
porcine cnccphalomychiu, 250 
Ornitliodorof luneata,i]5 
Ortliotontis, 506 
Osteomalacia. 557, 652 
Onus media, 372. 637 
Otobtus megnini, 415 
Ovaries, 22 
physiology, 6J-67 

P 


Palate, vesicle on, 205 
Pantoilicinc acid 
deficiency, 610 
paralysis and lameness, 555 
Shine feed, 660 
Papules 

Uiii, swine {>ox, 1 Q 5 
snout, 165 

P^ra ainiiiolicii/oic and. 61 1 
Parngommui ketlitulii, 410-41 
PaiaLcraicnis 649-51 
chsiiral signs. 650 
diagnosis, 6V2 

dUletcniialion fn>m exudative detnutnis, 
554 

etioU>„v UjO 

pathuli>i,ical ihangcs, 652 
iirainieni. 6>3-5| 
line dchcirncv 635 
Paiahsiv 
boiuhun. 4'*l 


hititmup |>oiuMiing 479 
nlfsua diwasr. I x, 
h«teiiuvlt.2t7 
(<uiw>n hcmUnL. 479 
|h nine eturj halninvrhtii. 230 
y■^»tf»M»r. 435 154 5w; 
lakiuin and ( huit hoius (’thtieiMV, 
032-33 


I'aaM.uin drOnrrKy C33 
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pseudorabies, 221-25 
red squill poisonings, 481 
Trichmella, as a cause of, 438 
vitamin A deficiency, 637 
Paralysis and lameness, 555-59 
etiology, 555-56 
treatment, 558 
Parasites, external, 405^4 
control, 406 
diagnosis, 406 
losses, due to, 405-6 
Paresis, posterior, hog cliolera, 114 
Pasteurella multoctda, 365 
Glasser s syndrome, 555 
hog cholera, post vacanation losses 134-35 
rhinitis, infectious atrophic, 535-36 
Pasteurellosis, 365-69 
clinical signs 367 
diagnosis. 368 

diSerentiation from hog cholera. 129 

etiology, 366 

host range, 365-66 

pathological changes 367 

pectoral form, 367 

septicemic form, 367 

treatment. 369 

Penicdhum rubrum m moldy corn poison 
mg, 505 
Penis, 19, 33 
Pericarditis 

fibrinous, 118-19 535-36 
threadworms, 437 
Peritoneum, 16 
Peritonitis, 375 
Glasser s disease, 555 
Mycoplasma hyorltintSj 535-30 
Pestis Afrieana suum, 145-58 
Phalanges, necrosis of. 344. 509 
Pharynx 

eruptions in swine pox. 163 
hyperemia of mucosa, 84 
vesicles on, 205 
Phosphorus 
deficiency, 632-33 
in feed, 662 

Photoscnsiiization, 563-64 
difierentiation from swmc erysipelas a 

45. 504 

Physiology, 59-77 
Physocephalus sexalalus, 432-33 
Pig hatcliery, 690 , 

Pig pellagra, niacin deficiency, OlO-*- 
Pigs, baby, see Pigs, suckling 
Pigs, myxedema, iodine deficiency, 03 j 
P igs, suckling 
arthritis. 374. 375 

Ascarts lumbneotdes, intcclion witli, 
bchasior of, 03 
brucellosis. 271 
coma. 52 1-25 
convulsions, 521-25 
creep feeding, 671 
dcnnatitis, IGtMj? 
diarrhea, 107-9.311.374-76 
diet for colostrum deprived, o9o 
vliscasc free. 693-99 
immuniration of, 697 
early vseaning. 685-86 
hairless, iodine deficiency. t»3j 
hog cholera, vacciiiatioii 137 


trembles see 


hypoglycemia, 521-28 
hypothermia 524-25 
isolation units 697 
jumpy pigs shakes shivc 
Myoclonia congenita 
kidney urates 103 525 
losses in 1951, 253 
malfonnatioiis, 567-75 
management of, C84-8 j 
myoclonia congenita 529-31 
navel ill 374 

nccrosisof liver 639^ 
necrotic stomatitis 551 
peritonitis 375 
pleuritis 375 
pneumonia 375 
pseudorabies 220-21 
scouring, 107-8 
siillbom 253 

siviiic erysipelas in 330 3!1 
leunus 307 , 

toxemia Chsiridium perfrin^cns 406 

transmissible gastrocnicntij 107 

tusk removal 016 

vesicular siomaiiti^lJS 

Pityriasis rosea 39^90 

clinical signs 39 j-M 

4-7-87 .« »<*» I’"*"""’! 

PlatyheliDinthcs. 440-4- 

Plcura 9 
Plcuiitis 118-19 
Glasscrsdisc^ 55.. 

Mycoplasma hyorhuus 53.^5 

ascands in. 421--5 
atclcctaiic, 85 

virus 
Poisoning 
3niu,4b0 a' 

coal tar 405-67 

clinical sifm*. 4*' I 
etiology, 463-61 

coclleliur. 4i7 

Jiiulrec'”"' 
diniHwphcnol. 4 3 


torn 
cal SIS*'*- 
roL I’C-' , 
tusis, 50* 
irntuii«» 

les**^^* 
nvenl. 5C*4 


, ofrir-a 'h* 
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Poisoning (continued) 
nightshade, 477-78 
nitrate, 484 

plant, see Plants, toxic 
plant hormones, 485-84 
poison hemlock, 478-79 
potato 478 
xat, 480-83 
ted squill, 481 
salt, sadnnii, 4.69-"6 
clinical signs, 469-76 
patliogencsis 470 
pathological changes 471-72 
prevention, 475 
treatment, 475 
sodium huoroacetatc 481 
St Johns wort 479 
thallium sulfate, 482 
warfarin 482-83 

differentiation from edema disease. 502 
diSeientiation from moldy com poison 
ing 508 

water hemlock, 478 

Poliocncephalomalacia, salt poisoning, 472 
Poljdipsia. m transmissible gastroenteritis, 
108 

Porcine encephalomyelitis, 229-38 
clinical feature, 229-30 
control, 238 
dia^osis 235-37 

di^rentiation from African swine fever, 
254 236 237 

differentiation from hog cholera. 234. 236. 
237 

etiology, 229 
immunity, 237-38 
pathological changes, 230-34 
gross lesions, 230 

neuronophagic nodule, 230-31.234-36 
perivascular cuffing 232 35 
treatment 237 
virus stability, 229 
Potassiuni in swine feed, 664 
Pox. 159-08 
course, 164 
diagnosis 165 

differentiation from foot and mouth dis 
ease, 207-8 

distribution, geographical, 159 
etiology, ICO 
immunity, 163 ISS 
immunology, 103 
louse transmission, 100 
natural infection, 161 
pathology, 103 
prognosis, 107 

relationship to vaccinia, 103 
skill lesions, 161-62 
species susccptiLiiluy. 163 
tranvmissioa cx|>enmciiis 102 
transmission by flics 161-02 
vaccinia virus in, 159-63 
Preparation for operation, 585 
Preparation of operative sue 597-98 
Prcnatation of surgeon, 598 
Prolapse of vagina 614 
Prolapse of vulva, 508 
Protein requirements, 600 
Proteus, necrotic rhinitu, 552 
Protoioa, 445-39 


Pruritus. 407,410. 471, 564 

Pseudomonas aeruginosa 
abscesses, 622 
necrotic rhinitis, 552 

simultaneous infecuon with hog cholera 
135 

Pseudorabies, 219-27 
clinical signs, 229-25 
control, 226 
convulsions 221-25 
diagnosis, 225-26 

differentiation from listenosis, 250 
enteritis, hemorrhagic, 222 
epirootiology, 226 
etiology, 219-20 
histopathology. 225 
history, 219 
host range, 219-20 
hypoglycemia in baby pigs, 524 
ironiunity, 226 
incubation period. 220-23 
paralysis. 221-25 
pathological changes, 225 
serum neutralizauon, 225 
subclinical infection, 221 
transmission, 222-23 
treatment, 226 
virus 

cultivation in tissue culture, 220 
site, 219-20 
stability, 220 

Pteroylglutamic acid deficiency, 643 
Public health 
anthrax, 291 
,4sc<irii suum, 419-20 
brucellosis, 267 

control of swine diseases transmissible to 
man. 693 
erysipeloid, 336 
foot and mouth disease, 203 
leptospirosis, 253 
listeriosis 244 
malignant edema, 302 
pox. 159 
rabies, 227 
swine influenza, 06 
Trichuns suis, 437 
tuberculosis, 377 
vesicular stomauus 109 
Pulex iTTitans, 415-14 
Pyridoxuie Uenciency, 642 
Pytidoxinc in swinc feed, 606 

R 

Itabics, 227 

Ramey s corpuscles 454 
/lanuncufiu aens, 479 
Rations 

for boan, 657, 071 
tor fattening pigs, 657, 072 
for brootl sows and gilts. 518, 057. 070-73 
Rcpopulation with disease free stock, 093-'l9 
Reproduction. 03-70 
cvirous cycle, 03-67 
heat periods, 03-04 
ovarian changes, 65-66 
ovarian and pituitary hormones, 05-06 
pariurition, GO 
placenta, 00 
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poor, riboflavin defiaenq', 640 
postpartum estrus, 64 
pregnancy, 66 
puberty, 64 
semen 

characteristics, 67, 68, 69 
fractions, 68-71 

species differences in chemical coniposi 
tion, 69 

sexual development in the male 67 
sperm transport, 69 
stillbirths, 66-67, 270, 637 
testicular hormones, 67 
uterine and vaginal changes 65 
vitamin E, effect on, 638 
Respiration 
effect of heat on. 74 
rate, 60 

Restraint of pigs, 586-91 
Reticulo endothelium, hog cholera infection 
of. 124 
Rhinitis 

inclusion body, 535, 544—46 
infectious atrophic, 533-50 
clinical signs. 540 
control, 547, 693, 694 
diagnosis. 545-46 
distribution. 538-39 
epizootiology, 546-47 
etiology, 533-37, 539-40 
history, 533 
lesions, 537-38, 541-46 
necrotic, rhinitis, differentiation from. 


551 

pathological changes, 537-38, 541-46 
treatment, 546 

necrotic, 551-52 . 

clinical signs and pathological enanges. 

552 

etiology, 551-52 
treatment, 552 

Rhinitis, bacterial relation to infectious 
atrophic rhinitis, 533-34 
Rhinitis chronica atrophicans, see Rniniiis 
infectious atrophic 
Riboflavin deficiency, 639 
Riboflavin in swine feed, 606 
Ribs effects of hog cholera on, 123, 121 

Rickets, 632-33, 638 

calcium and phosphorus deficiency, oo- oo 

vitamin D deficiency, 638 

RmRvvorm, 393-93, see also I’ltjnasu rosea 
clinical signs, 393-94 
control, 395 
diagnosis, 394 
cpuootiology, 395 
ctiolog), 393 
immuimy, 395 
treatment, 391 

Rodcnticidcs. 480-83 , , , v,-™ 

Round»»onii$, see Ascarn lumbneotdes, • 
aiodcs 


s 

Saluaiion 

hi foot and month disease, 20o 
thallium sulfate poisoning. 4f'- 

choletaeiuts, 317-3- isi-Si 
hog cholera post vaccination lovves. 


host range, 318 

niaan in treatment and prevention 612 

pathogenicity of 320 330-31 
relationship to hog cholera 1 12 
m swine d)scniery. 313 
Salmonella paratyphosus, hog cholera post 
vacanation losses, 135 
Sflfmonef/a species in suiiie, 317 20 
Salmonellosis 122 317-32 

Balantidium coll, Tchtion to 321 
clinical observations 321 
control 331-32 
diflercnliation from 
coccidiosis 330 
hog cholera, 129 130-31 
nutritional deficiencies 329 
pasteurcllosis, 368 
vibrionicdjsentcry 329-50 
etiology, 318 n, 

forms of infections 5-0--I 
gec^aphial distribution. 3J8--0 
history 317-18 
liog cholera 320_ 
pathogenesis 325 

Satiuauon OeO 
Sarcocystis imeschenana, 

Sarcopiesseobtei.m 

Sarwptic mange. 408-10 

Scinhoiis cord. OOo-s 
Scouo 

Scrciv v»ortn.4i-**3 

^ciraractcrisiics 67, ^-.^69 
dicimcal composition. 68-69 

anthrax. 293 
listeriosis 

pasicurellosis Sfw 

iahiioncllosii. 320 

SU me crvsipej“* 3* ‘ 

Shigeltaeiiuiiubi- abscesses. 


>cn)COM»oh3J» 

5.3 
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Skin (continued) 
laceiation, 407 
macules and papules, 650 
necrosis, 242. 553 

phoCosensituauon, 364 
swine pox, 163 
nodules 395 
papules 

grayish, raised 393 
in pox, 1C3 
scabs reddish, 394 
thickening of, 341, 410, 553, 649 
ulcerations biotin deficiency, 643 
vesicles of 194 
welts, 241 

Sneezing, infectious atrophic rhinitis, 340 
Sneezing sickness, see Rhinitis, infectious 
atrophic 

Sniffling disease, see Rhinitis, infectious 
atrophic 

Snout, see also Nose 
discharge mucopurulent, 367 
vesicles 177-BO 

Snovles)gc see Rhinitis, infectious atrophic 
Sodium chloride in swine feed, 663 
Sodium, salt poisoning, i«« Poisoning, sodium 
salt 

Solanum nigrum, 476 
So/anum ttwerosum, 478 
Sow ration 
free choice 518 
hand fed on pasture, 518 
Soybean oil meal in feed, 658 662 
Spherephorus neerophorus 
exudative dermatitis, 533 
mastitis 514 

relation to necrotic enteritis 322-26 
rlimilis infectious atrophic 535-36 
rhinitis necrotic 551-52 
Spleen, 16 
abscess, 272 

acunoinycosis of 396 397 
congestion, 343 122 
enlargement, 150 343 
granulomas, 400 
hemorrhages 499 
histology of, 52 
infarction, 124, 130 
tubercle lesions 386 
Spundylilis, 556 
Staphylococci 
abscesses, 622 
arthritis, 555 
mastitis, 514-13 
btephanurus dcninlus, 433-36 
clinical signs, 435 
distribution. 434 
(at necrosis, 581 
lesions, 435 
life cycle, 434-35 
morphology, 434 
prevention. 435-36 
Sterilization of insirumcms 585 
Stilbcstrol m swine feed, 069 
Siillbitihs, 60-67, see also Abortion 
brucellosis, 270 
viiamm A deficiency, 637 
Stomach 
anatomy. I5 
edema 118,493 


gastritis. 120, 154, 314, 374, 433, 472, 479, 
480.481,482,484.485 
gastroenteritis, 107 

hemorrhages, 117-20, 314, 367-68, 498, 506 
necrosis, 321, 399 
perforation of, 485 
ulcers. 432-33, 472. 474, 481, 639 
worms. 431-33 
Stomatitis, ulcerative, 482 
Stomoxys calcitians, 415 
StreptooKC! 
agalactia, 517 
arthritis, 344—45, 555 
hypoglycemia in baby pigs, 524 
mastitis, 514 
metritis, 513 

Streptocoaic strains, differential character 
istics, 373 

Streptococcosis, 371-74 
arthrius, 372-74 
encephahus, 371-72 
endocarditis, vegetative, 372-74 
septicemia, 372-74 
Streptococcus sp 
abscesses 622 
exudative denaamis, 55S 
rhinitis, infectious atrophic, 537 
rhinitis, necrotic, 552 
5trongyfoides ransomi, 436-37 
Sunburn, 563 
Sunstroke see Heat stroke 
5us serefa, 3 

Swine erysipelas, see Erysipelas, swine 
Swine fever, see Hog cholera 
Swme inQuenza, see InOuenza, swine 
Swine plague, see Pasteurellosis 
Swme pox, see Pox 

T 

Taenia hydaligena, 441 
Taenia soleum, 441 
Tail, necrosis 

ergot poisoning, 509 
impaired circulation, 375 
photosensitization. 564 
sunburn. 563 
swme erysipelas, 342, 344 
Tankage in feed, 659, GG2 
Tapeworms 441-42 
Teats, vesicles. 177-80 
Tcctli, 3 
Temperature 

body, of normal swme, 73 
skin, 74 

Tcschcn disease, see Porcine cnccpJialomyc 

lilis 

Tcscliner Krankhcil, see Porcine cnccphalo 
myehtis 
Testes. 33 
anatomy, 18 
physiology, 07-71 
Testicles, aiisccsscs, 272-73 
Tetanus 305-11 
clinical signs, 300-7 
control. 309 
diagnosis. 303 
cpuooiiology, 309 
etiology, 305-0 
immunity, 308-9 
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incubation period, 306-7 
pathogenesis, 306-7 
pathological changes, 308 
similarity to listeriosis, 246 
treatment, 308 

Tetany, vitamin D deficiency, 638 
Thermic heat, see Heat stroke 
Thiamine defiaency, 639 
Thorny headed 'worm, 439-40 
Threadworm, see Strongylotdes tansoim 
Throat, edema of, 293 
Thrombosis, coronary, 119 
Thyroprotein in swine feed, 669 
Ticks. 415-16 
Tissue culture 

foot and mouth disease virus 203 
hog cholera virus, 112 
pseudorabies virus 220 
vesicular stomatitis virus, 192 
Toes, see Phalanges 
Tongue, 11 

vesicles, 177-80, 193, 205 
Tonsils 

necrosis, 117, 293 
tonsilms, 117-19 
Torticollis, 556 
Tortor suts, 112 
Toxoplasma gondit, 451 
Toxoplasmosis, 451-52 
Trachea, 9 
copious exudate, 84 
lieraorrhages. 150 

Transmissible gastroenteritu 107-9 
agalactia, 524 
carriers 109 
clinical signs, 107 

diagnosis, 108 ... 

differentiation from exudative dermatitis 
554 

effect on food consumption 628 
cpizootiology and control, 109 
etiology, 107 

hypoglycemia of baby pigs 524 
immunity, 109 
incubation period, 107 
mortality, 107-8 
pathological changes, 108 
ireatmeiit, 109 
virus 107 

Trembling listeriosis, 246 
Trcmaiodcs, 440-42 
Tnchinella, public health problem iiJ 
T spirahs, 438-39 
Tnchomonas $p, rhinitis, infectious atio 
phic.534 

fnchoraoniasis 447 
Tric/iop/jytofi rnenlagropfiyles, 393 
Tncitopliyloit tonsurans, 393 
f itchuns suit, 437-38 
Tniric/iomonoi suir, 447 
f lypanosomiasis, 445-46 
ftypiophan in tuinc niiioiii 662 
rubcrnilosu, 377-91 
diagnosis 386 
immum/auon 3S2 
mtulencc. 377-79 
{iailiok>gical anatom) 5^5-#^ 
rrconuncmlations, 388 
vourcc of infection, 37>-82 


transmission 379-82 
tuberculin test 334 
Tumors, 577-80 
adenoma 578 
carcinoma 578 
embr)ORal nephroma 577-78 
fibroma 578 
fibrosarcoma 578 
hemangioma 578 
lymphoblastoma 577-79 
melanoma 578-80 
myxoma 578 
myxosarcoma 378 
papilloma 578 

reticulum cell sarcoma 578-/9 
Wilms tumor oil 
Turbinates airoph) 537-16 
Tusk removal m baby pigs and boars 
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Udacr 51-1-15 ,1,0 Miminjiv Eland 

Micrococcus infection S90-J8 
Ulcers 

button 118-20 

gallbladder 122 
intestinal 1S4 
stomach ... 

red squill poisoning 48> 
sodium salt pononing 4/4 
cuaiwm E deficiency 639 
norms 452-53 

[i;f„”'^b!add„l.™o,...aEC.50 

Lrine quantity of 6* 

Lrticana 341 
Ltctu$22 
abscesses 272-/3 
infection. 513-14 

phvsiology.fw 

removal 615 


raiuwn I"' 

Stability of IW) 

olc^ 65 
nsc 614 
suiffa 161 

L abvccii. ‘''•f,. -u. It: 

of feet. Miout teat*. »“• 5^ 

ir^aiiihcma. 

nuc t)P«^.l^ 

J lb6-87 

•f'l I.., ..J 

ndUUOll IliW 

lie 20/ -'-I f^c. fv/i 

riUiatioo 

,11.. ^ 
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Vesicular exanthema (continued) 
pathological changes, 17S-80 
virus 

antigenic t)-pes, 175 

growtli in tissue culture, 173. 176-77, 
181-82 

mfectnity. 175-76 
ph)Sical chemical properties, 174 
Vesicular stomaiiiis 191-201 
clinical signs, 103-94 
diagnosis, 195, 208-9 
epuootioiog), 196-200 
euology. 191-93 
virus size, 191 
virus stability, 193 
geographic distribution, 196-98 
host range, 191-92, 195 
immunity, 196 

incubation period, 193, 205-6 
pathological changes, 194 
public health problem, 199 
susceptibility to, 198-99 
iransmusiort 
effect of seasons, 199 
vectors in the, 197-98 
ueatment, 196 
vesicles in the slon. 194 
virus 

electron microphotograpb. 192 
size, 191 
stability, 193 
tiltatmn, 195 
t)pcs, 191, 193 
Virus pneumonia, 99-104 
ascarids, role in, 103 
camen. 104 
cluiical signs 100 
control 10-1 693 
diagnosis 102 

differentiation from swine induenza, 90 
102 

eradication 104 
etiology, 100 

geographic distribution, 09-100 
histor),99 
immunity, 105—4 
incidence and seventy, 100-101 
morbidity and mortality, 103^ 
pathological changes, 101 
spread of mfcciion 100 
treatment, 103 
ViUmm A 
deficiency, 572 637 
paralysis and lameness, 535 
source. 637 


Vitamin B,; see Thiamine 
Vitamin B„ see Riboflavin 
Vitamin B*, see Pyridoxine 
Vitamin Bu ree Cyanocobolamin 
Vitamin C, 644 
Vitamin 13, deficiency, 638 
Vitamin deficiencies, 636-44 
Vitamin E, deficiency, 638-39 
Vitamm K 

antagonist in vrarfanti, 639 
deficiency, 639 

Vitamm requirements m feed, 665 
Vomitioii 

African swine fever, 147 
anthrax, 292 
arsenic poisonmg, 108 
cocklebur poisoning, 477 
hog cholera, 114 
mercury poisoning, 466 
nightsiiade poisoning, 478 
pityTiasis rosea, 395 
red squill poisonmg, 481 
nbofiavin deficiency, 639 
sodium fluoroacetate, 481 
swine erysipelas, 341 
thallium sulfate poisoning. 482 
thtamme deficiency, 639 
threadwono, 437 
transmissible gastroenteritis, 108 
water hemlock poisonmg 478 
Vulva 

discharge, $13 
swellmg. 508 
Vulvovaginitis, 508-9 
clinical signs, 508-9 
diagnosis and treatment, 509 
epizooiiology, 509 
etiology, 508 

pathological changes, 509 

W 

WatUes, 572 

Weakness in hind quarters. 114, 129, 147 
Weight gam, effect of heat on, 74 
Wheat in feed, 658 
Whipviorm, see Trielturis suis 

Y 

Yellow fat, 72 
Yellow fat disease. 486 

Z 

Zinc in swine feed, 635-36, 649. 664 
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Vesicular exanthema (continued) 
pathological changes, 178-80 
\irus 

antigenic tjpes 175 

growth in tissue culture, 173, 176-77, 
181-82 

infectivitj 175-76 
physical chemical properties. 174 
Vesicular stomatitis, 191-201 
clinical signs 193-94 
diagnosis, 195, 208-9 
epizooliolog), 196-200 
etiology, 191-93 
virus size, 191 
virus stability, 193 
geographic distribution, 196-98 
host range, 191-92, 195 
immunity, 196 

incubation period 193. 205-6 
pathological changes, 194 
public health problem, 199 
susceptihiUty to. 198-99 
transmission 
effect ol seasons 199 
vectors iii the. 197-98 
treatment, 106 
vesicles in Uie skin, 194 
virus 

electron mictophotograplv. 192 
size, 191 
stability, 193 
titration, 195 
t)pes. 191, 195 
Virus pneumonia, 99-104 
ascarids, role in, 103 
carriers, 104 
clinical signs 100 
control 104 693 
diagnosis, 102 

differentiation from swine inllucnza, 90 

eradication, 101 
etiology, 100 

geographic distribution, 99-100 
history, 99 
immunity, 103-4 
incidence and seventy, 10(^101 
morhidiiy and mortality, 103^ 
pathological cliangcs, lOl 
spread oC uiCccuon, lOQ 
treatment, 103 
Vitamin A 
dcGciency, 572. G37 
paralysis and lameness, 555 
source, 637 


Vitamin B,; see Thiamine 
Vitamin B,; see Riboflavin 
Vitamin B,, see Pyridoxine 
Vitamin Bu* see Cyanocobolamin 
Vitamin C, 644 
Vitamin D, deficiency, 638 
Vitamin deficiencies, 636—44 
Vitamin E, deflciency, 633-39 
Viumin K 

antagonist in war farm, 639 
deficiency, 639 

Vitamin requirements in feed, 665 
Vomition 

African swine fever, 147 
anthrax, 292 
arsenic poisoning, 108 
cocklebur poisoning, 477 
hog cholera, 114 
mercury poisoning, 466 
nightshade poisoning, 478 
pityriasis rosea, 395 
red squill poisoning, 481 
riboflavin deficiency, 639 
sodium fiuoroacetate, 481 
swine erysipelas, 341 
thallium sulfate poisoning, 482 
thiamine deficiency, 639 
ihreadwomi, 437 
transmissible gastioenteriiis. 103 
water hemlock poisoning, 478 
Vulva 

discharge, 513 
swelling. 503 
Vulvovaginitis, 508-9 
clinical signs, 508-9 
diagnosis and treatment. 509 
cpuootiology, 509 
etiology, 508 

pathological changes, 509 

W 

Wattles. 572 

Weakness m hind quarters, 114, 129, 147 
Weight gam, effect of heat on, 74 
Wheat in feed, 658 
Whipworm, sec Tnc/mnssuir 

Y 

Yellow fat, 72 
Yellow fat disease. 486 

Z 

Zinc vn iwinc feed. 635-36. 649, G64 



